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Engineered from the ground up with astroimaging in 
mind, the new Advanced VX series from Celestron sets 
a superior standard in mid-level telescopes. Advanced 
VX provides you with many of the features found on 
Celestron’s most sophisticated German equatorial 
mounts, at an extremely affordable price. 


12026 - Advanced VX 8 SCT 22020 - Advanced VX 6 R 
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StarSense’ AutoAlign Celestron SkyP IRTAL 
Accessory WiFi Module 


Set your telescope outside, press ‘Align’ on the StarSense hand Control your telescope right from your device using SkyPortal 

control, and sit back. No further user involvement needed! Wi-Fi module and SkyPortal App. 

StarSense uses an on-board digital camera to scan the sky. Tap any celestial object you see in the sky to identify it immediately. 
In about 3 minutes StarSense will gather enough information Slew your telescope to over astronomical 120,000 objects. 


to triangulate its position and align itself. 


No need to identify or manually locate 
alignment stars in the sky, StarSense will 
automatically align your telescope. 


Sky Tour mode will slew to all the 
best stars, planets, galaxies and 

more based on your exact time 
and location. 


Provides advanced 
mount modelling. 


Works with Celestrons’ brand new planetarium App, SkyPortal. 


SkyPortal App turns your smartphone or tablet into your own 
personal planetarium. 

You can listen to hundreds of included audio descriptions and 
view hundreds of images 
through your device. 

iOS and Android compatible. 


Download the free SkyPortal 
App and start discovering today! 
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Welcome 


O16 opens with Stargazing UVE and a historic ISS mission 


A New Year beckons, 
and it’s going to be 
one packed with 
fantastic stargazing 
opportunities. Turn 
to page 67 for our 
pick of the very best 
observing and photo 
opportunities that 
2016 will bring, as 
well as an insight into what some of the top 
amateur astronomers are looking forward 
to training their telescopes on. 

Stargazing LIVE is high on the must-see 
list, and on 12-14 January millions will 
be tuning in to BBC Two to watch — clear 
skies or not! For this series, Brian Cox 
and Dara O’Briain will link up live 
with the ISS to welcome the UK’s first 
government-sponsored astronaut Tim 
Peake to the show to talk about what life 
is like in the orbiting space station. Before 
his planned launch blasted off from 
Kazakhstan on 15 December we spoke 
exclusively to Tim, and you can read 
Nick Spall’s interview on page 34. 

The programme is certainly reaching new 
heights in its sixth series, and on page 32 we 
reveal what else the team will be taking a 
look at, as well as recalling some of the best 
moments of previous years like last year’s 
amazing coverage of the total solar eclipse. 

We also examine the colossal size of the 
cosmos on page 62, highlighting some of the 
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biggest objects in existence. Spend some 
time pondering these vast bodies — the star 
that’s 1.2 billion km in diameter for instance 
— you'll realise just how amazing our 
Universe really is. To help you picture this, 
take a look at our six simple experiments on 
page 41. The size of the Solar System will 
really come home to you. 

Enjoy the issue. 


Chris Bramley Editor 


PS Next issue goes on sale 21 January 


ae al: OF WAYS TO ENJOY THE NIGHT SKY... 


7 > 19 
Skyat Sing 


Sky at at Night 


STARG, . 
LVE 2086- = 


set 


TWITTER 


TELEVISION ONLINE FACEBOOK PODCAST iPAD 
Find out what the Visit our website for All the details of our The BBC Sky at Night Get each month's Follow @skyatnightmag 
Stargazing LIVEteam reviews, competitions, _ latest issue, plus news © Magazine team discuss issue on your iPad, to keep up with the 


will be exploring in this 
year’s series on page 32 


astrophotos, observing 
guides and our forum 
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revealed 


A strikingly beautiful composite reveals the 
disparate components of one of the largest 
gravity-held structures in the known Universe 


CHANDRA X-RAY OBSERVATORY/VERY LARGE ARRAY/HUBBLE SPACE TELESCOPE, 
21 OCTOBER 2015 


The bright colours in this image show the They can contain thousands of galaxies and 
various cosmic bodies and forces contained surround them with superheated gas, as seen 
within galaxy cluster MS 0735.6+7421. Data in this image. Although collectively the 
collected by NASA's Chandra X-ray galaxies and hot gas are supremely massive, 
Observatory, in blue, shows the hot gas that astronomers have calculated that they still 
comprises the majority of the enormous don’t possess enough mass to hold these 
cluster. The pink parts of the image were clusters together. This has led to the conclusion 
picked up by the Very Large Array in New that something undetectable must be keeping 
Mexico and show twin jets shooting out of them intact. The unseen substance is referred 
a supermassive black hole at the centre of to as dark matter and galaxy clusters are the 
the cluster. Just visible among the jets are perfect cosmic laboratories for scientists to 
galaxies and stars within the cluster, picked learn about the effects it has had upon the 
out in orange, which were detected by the evolution of the Universe. 


Hubble Space Telescope. This composite 
image also reveals cavities in the hot gas 
caused by the black hole’s eruption. 

Galaxy clusters are the largest objects in 
the Universe that are held together by gravity. 


X-RAY: NASA/CXC/UNIV. OF WATERLOO/A.VANTYGHEM ET AL; OPTICAL: NASA/STSCI; RADIO: NRAO/VLA 
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HUBBLE SPACE TELESCOPE, 
2 NOVEMBER 2015 


Markarian 820, in the centre of this image, is 
a lenticular galaxy — a disc-like structure that 
lies between the elliptical and spiral galaxies 
on Edwin Hubble’s classification scheme. 
Lenticular galaxies don’t produce stars at the 
same rate as other galaxies, as they've either 
used up or lost most of their interstellar 
matter, so they contain mostly older stars and 
lack the activity of younger galaxies. The 
swirls of other galaxies can be seen in the 
background, while the bright object in the 
bottom left is a star called TYC 4386-787-1. 


Revealing the relics 
of the Universe 


HUBBLE SPACE TELESCOPE, 
5 NOVEMBER 2015 


This image is part of a survey that uncovered 
a previously unknown population of white 
dwarfs in the Milky Way’s bulge, in the same 
disc of stars as our Solar System. White 
dwarfs are the remnants of stars — relics of 
the Galaxy from its formative years. They’re 
about the size of Earth, but 200,000 times 
more dense: a teaspoon of white-dwarf 
material would weigh about 15 tonnes. By 
further increasing the field of observation, 
astronomers hope to find more white dwarfs 
and learn the exact age of the galactic bulge. 
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A A close ‘inspection — 


CASSINI SPACECRAFT, 2 NOVEMBER 2015 


Beneath the icy crust of Saturn’s moon 
Enceladus lies a global ocean, discovered 
through data sent back by the Cassini 
spacecraft. Cassini also took this incredible 
photo of Enceladus while flying just 48km 
above its surface to inspect a plume of ice, 
water vapour and organic molecules spraying 
from the south polar region. By analysing 

the plume, scientists hope to figure out if 
Enceladus’s ocean could support life. 
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<The speed 
of light 


SPITZER SPACE 
TELESCOPE/WIDE- 
FIELD INFRARED 
SURVEY EXPLORER, 
3 NOVEMBER 2015 


Since light can 
sometimes take 
billions of lightyears 
to reach us, 
astronomers are 
often observing 
objects as they 
existed aeons 
ago. The galaxy 
cluster seen 

here — Massive 
Overdense Object 
J1142+1527 - was 
only discovered 
recently, but it’s so 
far away that 
astronomers are 
seeing it as it 
existed 8.5 billion 
years ago. 


- Beautiful bulge 


* LA A SILLA OBSERVATORY, 3 NOVEMBER 2015 


The Milky Way's bulge is about 10,000 lightyears across and 
made primarily of old stars, gas and dust. In this image, dark dust 
lanes interrupt the light being emitted from the centre. It’s thought 

that the bulge formed first and the surrounding stars were born 
«during the two billion years that followed. Most spiral galaxies 
_ -have bulges, but ours is the only one we can observe in detail. 
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Bulletin crea, | EDGE 


Our experts examine the hottest 


The latest astronomy and space 
new astronomy research papers 


news written by Elizabeth Pearson 


NASA’S GODDARD SPACE FLIGHT CENTER; BACKGROUND: ESO/R. FOSBURY (ST-ECF] 


Fermi has also detected a 
second pulsar, PSR J0537- 
6910, but not its pulses 


PSR JO540-6919 
see O 
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First gamma-ray pulsar 


found in another 


GALAXY 


The object is one of the youngest of its kind that we know about 


A GAMMA-RAY pulsar has been detected 
outside the Milky Way, the first time such an 
object has been seen in another galaxy. It has set 
anew record for the most luminous known 
gamma-ray pulsar. 

The pulsar was seen in the Tarantula Nebula, 
located in the Large Magellanic Cloud. NASA’s 
Fermi Space Telescope identified the region as a 
bright source of gamma rays early into its 
mission, but initially the glow was attributed to 
supernovae. “It’s now clear that a single pulsar, 
PSR J0540-6919, is responsible for roughly half 
of the gamma-ray brightness we originally 
thought came from the nebula,” says Pierrick 
Martin, an astrophysicist at the National Center 
for Scientific Research and the Research 
Institute in Astrophysics and Planetology in 
Toulouse, France. “That is a genuine surprise.” 


A pulsar is formed when a massive star 
goes supernova, leaving behind a highly 
magnetised ball spinning tens of times each 
second and throwing out enormous levels of 
radiation. PSR J0540-6919 is relatively young, 
at only 1,700 years old, and is one of around 
160 gamma-ray pulsars currently known. 

“The gamma-ray pulses from J0540 have 
20 times the intensity of the previous record- 
holder, the pulsar in the famous Crab Nebula, 
yet they have roughly similar levels of radio, 
optical and X-ray emission,” says Lucas 
Guillemot from the Laboratory for Physics and 
Chemistry of Environment and Space. 
“Accounting for these differences will guide us 
to a better understanding of the extreme physics 
at work in young pulsars.” 
> See Comment, right 


by Chris Lintott 
A huge amount of work 
went into this detection. 
As well as all of the 
careful analysis of Fermi 
data, critical follow-up 
came from ground-based 
radio and optical 
telescopes. As a result, 
pulsar scientists have an 
exciting set of behaviour 
to pore over, but they’re 
not the only ones looking. 
The Large Magellanic 
Cloud is a place with 
plenty of star formation, 
especially in the chaotic, 
beautiful gas clouds of the 
famous Tarantula Nebula. 
Star formation, and in 
particular the production 
of bright, hot, massive 
stars like those in the 
cluster that sits at the 
heart of the Tarantula, 
should produce plenty of 
cosmic rays, excited 
particles that in turn 
should stimulate the 
emission of gamma-rays. 
With PSR JO540-6919 
shining so brightly, there 
may not be enough 
gammo-ray energy left to 
account for the nebula’s 
star formation. It might be 
telling us that there’s more 
to learn about all stars 
— not just pulsars. 


CHRIS LINTOTT co- 
presents The Sky at Night 


skyatnightmagazine.com 2016 


Zz 
Q 
< 
= 
=i 
2 
a 
< 
ira] 
= 
wu 
oo 
= 
a 
Z 
< 
4 
Y 
< 
2 
[4 
& 
= 
mH 
Q 
= 
ie) 
Zz 
[4 
& 
> 
a 
1o} 
= 
a 
z 
[ay 
4 
[-4 
& 
4 
mH 
a 
Z 
< 
= 
= 
Zz 
= 
= 
im 
4 
iG 
fay 
< 
= 
a 
z 
Av 
~< 
4 
Y 
= 
< 
= 
a 
(eo) 
z 
B 
[4 
& 
2 
Zz 
=} 
= 
4 
Y 
S 
< 
10) 
< 
4 
C4 
< 
= 


< 
Z 
8 
az 
<t 
ue 
ie) 
= 
B 
[4 
oG 
2 
Zz 
=] 
ss 
xr 
Oo 
ma 
=| 
<t 
oF 
ay 
a 
= 
L 
Bo 
< 
Z 
= 
[4 
=| 
Ss 
G 
D 
re 
2 
= 
4 
wi 
# 
3) 
< 
[4 
im] 
x 
=| 
a 
a 
> 
= 
Ww 
ic 
- 
fay 
ae 
x 
Lt 
o 
ie 
ey 
< 
Bo 
< 
PS 
fe} 
a 
ia 
Oo 
bres 
B 
g 
< 
Bo 
< 
Z 
= 
Lt 
wi 
# 


Despite being the most 
Earth-like planet in terms 
of size and temperature, 
Kepler-438b is likely to be 
uninhabitable. Its star is a 
red dwarf that superflares 
every few hundred days, 
blasting the surface with 
the energy equivalent to 
100 billion tonnes of TNT. 
“If the planet has a 
magnetic field like Earth, 
it may be shielded from 
some of the effects,” says 
David Armstrong from the 
University of Warwick. 
“However, if it does not, 
or the flares are strong 
enough, it could have lost 
its atmosphere, be irradiated 
by extra dangerous radiation 
and be a much harsher 
place for life to exist”. 


Young galaxies were 
much more efficient in 
making stars than their 
current counterparts. 
The CANDELS survey 
has shown that there are 
many more bright, highly 
star-forming galaxies in 
the early Universe than 
scientists previously 
thought. The team 

made the analysis by 
measuring how much 
light absorbing dust was 
in the early galaxies. 


If our star’s ‘wind’ blew 

away Mars’s atmosphere, 
could the same thing have 
happened to other planets? 


—— ~ 
—— 


~~ 
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Martian atmosphere 


stripped 


by 


solar wind 


The Red Planet's thick atmosphere was eroded over millions ot years 


THE PRIMORDIAL ATMOSPHERE of Mars 
was stripped away by the solar wind, leaving 
the arid planet we know today. The process has 
been observed happening on the planet now by 
NASA’s Mars Atmosphere and Volatile 
Evolution (MAVEN) mission. 

There are many signs that Mars once had a 
thick, wet atmosphere, but over time this was 
lost. Now researchers believe they have 
discovered the reason why. The MAVEN probe 
observed the remaining Martian atmosphere 
being stropped by solar winds at the rate of 
100g per second. 

“Like the theft of a few coins from a cash 
resister every day, the loss becomes significant 
over time,” says Bruce Jakosky, MAVEN’s 
principal investigator. “We’ve seen that the 
atmospheric erosion increases significantly 
during solar storms, so we think the loss rate 
was much higher billions of years ago when the 
Sun was young and more active.” 

The solar wind, made from charged particles 
being blown off by the Sun, flows past Mars and 
can cause particles in Mars’s upper atmosphere 
to become charged and shoot into space. 
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“Solar-wind erosion is an important 
mechanism for atmospheric loss, and was 
important enough to account for significant 
change in the Martian climate,” says Joe 
Grebowsky, MAVEN project scientist. 

Studying the mechanisms behind this 
atmospheric loss could have important 
ramifications for Mars’s habitability, as well 
as helping us find other potential habitable 
worlds out in the Galaxy. 

“Mars appears to have had a thick 
atmosphere warm enough to support liquid 
water, which is a key ingredient and medium for 
life as we currently knowit,” says John Grunsfeld, 
astronaut and associate administrator for the 
NASA Science Mission Directorate. “Understanding 
what happened to the Mars atmosphere will 
inform our knowledge of the dynamics and 
evolution of any planetary atmosphere. 
Learning what can cause changes to a planet’s 
environment from one that could host microbes 
at the surface to one that doesn’t is important 
to know, and is a key question that is being 
addressed in NASA’s journey to Mars.” 
http://mars.nasa.gov/maven/ 
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Oldest stars found at galactic centre 
The stars are so aged they predate the Milky Way itself 


STARS DATING BACK to when the Universe 
was just 300 million years old have been found 
at the centre of the Milky Way. These are the 
oldest stars ever seen in our Universe to have 
survived to current times. 

Though old, the stars are not the first 
generation of stars in the Universe. The ancient 
stars are surprisingly pure, giving researchers 
a hint of what the stars that came before them 
— the very earliest in the Universe — were like. 


“The stars have surprisingly low levels of 
carbon, iron and other heavy elements, which 
suggests the first stars might not have exploded 
as normal supernovae,” says Louise Howes, from 
the Australian National University. “Perhaps 
they ended their lives as hypernovae — poorly 
understood explosions of probably rapidly 
rotating stars producing 10 times as much 
energy as normal supernovae.” 
http://rsaa.anu.edu.au 


DISTANT GALAXIES HAVE A HEARTBEAT 


PULSARS IN GALAXY M87 give the 
galaxy a ‘heartbeat’, potentially 
providing researchers a new way 
to measure the galaxy’s age. 
Towards the end of their 
lives, certain stars begin to 
pulsate, growing and 
decreasing in size and 
brightness over the course of 
a few hundred days. We’ve 
seen these stars within our 
own Galaxy, but little thought 
has been given to the effects of 
these stars in other galaxies. 
“We realised that these stars are so 
bright and their pulsations so strong 
that they are difficult to hide,” says 
Charlie Conroy from Harvard 


4 M87, some 50 million 
lightyears from Earth in Virgo, 
is a supergiant elliptical galaxy _http://hubblesite.org 


University. “We decided to see if the 
pulsations of these stars could be 
detected even if we could not 
separate their light from the 
sea of unchanging stars that 
are their neighbours.” 
Now researchers will 
begin to take the pulse of 
other galaxies, hoping to 
find a new way to age 
galaxies, something that is 
currently difficult to do. 
“Our models suggest that the 
pulsations will be stronger in 


we'd love to test,” says Jieun Choi 
from Harvard University. 


younger galaxies, and that’s something 


NEWS IN 


FIRST EXO- 
WEATHER REPORT 
Winds of up to 2km 

per second have been 
measured on exoplanet 
HD 189733b, the first 
time that weather on a 
world beyond the Solar 
System has been measured 
directly. “As the planet 
moves in front of the star, 
the relative amount of 
light blocked by different 
parts of the atmosphere 
changes. For the first time 
we've used this information 
to measure the velocities 
on opposite sides of the 
planet independently,” 
says Tom Louden of the 
University of Warwick. 


£ 


PHOBOS IS 
FALLING APART 


Cracks on the surface of 
Martian moon Phobos are 
likely to indicate that it is 
beginning to fall apart 
under Mars’s gravitational 
pull. The moon orbits only 
6,000km above the 
Martian surface, and is 
being drawn in at a rate 
of 2m every hundred years. 
The process is expected 
to pull the moon apart in 
30 to 50 million years. 
The parallel grooves seen 
in images of Phobos are 
now thought to be a sign 
of an impending structural 
failure — ‘stretch marks’ 


before the moon buckles. 
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CUTTING 


Our experts examine the 
hottest new research 


Hungry for Hot DOGs 


These mysterious dusty galaxies are strangely 
bright in both infrared and ultraviolet 


stronomers love a good mystery; 

equally they have rarely been known to 

turn their noses up at a silly acronym, 

and this month we look at both in the 
form of a strange set of galaxies known as Hot Dust 
Obscured Galaxies, or Hot DOGs. 

These unusual systems were first spotted in data 
from the WISE infrared telescope. They are certainly 
bright — a Hot DOG called W2246-0526 is the most 
infrared luminous galaxy known — but it is their 
colours that make them distinctive. They shine more 
brightly in longer wavelengths, suggesting that the 
light we see comes from dust at a temperature of 
more than 60K (about —210°C, positively toasty 
compared to dust in a normal system). 

Glowing dust is an important source of light 
from most star-forming galaxies, but the presence 
of so much warm material in these systems needs 
an explanation. The discoverers suggested that 
the Hot DOGs must be powered by very luminous 
active galactic nuclei, voraciously feeding 
supermassive black holes enshrouded and hence 
hidden from view by immense clouds of dust. 

So far, so straightforward. Hot DOGs are found 
between redshifts of one and four, corresponding 
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4 Hot DOGs shine so 
brightly that scientists 
suspect their supermassive 
black holes are feeding 

at a voracious rate 


CHRIS LINTOTT is an 
astrophysicist and 
co-presenter of The Sky 
at Night on BBC TV. 

He is also the director 

of the Zooniverse project. 


to a time when the largest galaxies around were 
forming the vast majority of their stars and 
rapidly accreting material onto the black holes 
at their centres. The scarcity of Hot DOGs 
suggests that only the largest of galaxies would 
have active galactic nuclei powerful enough to 
suitably light up their dust, but a few of their 
number have a further secret. 

Eight of the Hot DOGs known to date are also 
shining brightly in the ultraviolet. This is odd; 
if we were seeing the hot gas that must be feeding 
the active galactic nuclei directly we’d expect it to 
be bright in these shorter wavelengths, but we 
need the centre of activity to be shrouded in dust 
to make it a Hot DOG in the first place. One 
exciting possibility is that there might be a second 
black hole lurking in each of these systems. 

To test this idea, the team behind this month’s 
paper used the Chandra X-ray Observatory to stare 
at one particular Hot DOG. They found, perhaps 
sadly, no sign of a second active galactic nucleus; 
everything seems consistent with one extremely 
greedy black hole sitting at the centre of the galaxy. 
So where does the ultraviolet light come from? 


They consider the idea that it might be a 
coincidence, with the galaxy happening to 
undergo a huge burst of star formation just as 
its black hole grows most rapidly. The rates 
involved are prodigious, however, with star 
formation rates a thousand times that of the 
Milky Way required. Instead, what seems to be 
happening is that light from the galaxy’s centre 
is being reflected by curtains of dust — we see 
what seems to be an extended volume shining 
in ultraviolet but this is just a mirage. 

If this is right — and further Hubble and Chandra 
observations are planned — then it means these 
systems are being observed during the most 
spectacular period of growth for central black 
holes yet found. Hot DOG indeed. 


CHRIS LINTOTT was reading... Hot Dust Obscured 
Galaxies with Excess Blue Light: Dual AGN or Single 
AGN Under Extreme Conditions? by R J Assef et al 
Read it online at http://arxiv.org/abs/1511.05155 
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NASA/JPL-CALTECH, NASA/JET PROPULSION LABORATORY VIDEO 


ANIMATION, ESO, DANA BERRY, PALOMAR/CALTECH 


When dark matter 
passes through a planet 
it focuses into a stream 
or ‘hair’ according 
to new simulations. The 
theoretical hairs would 
emerge from the planet, 
with a dense root one 
million km from the 
surface with billions of 
times more dark matter 
particles than average. 
The hair would then 
stream outward towards 
a tip another one 
million km or so away. 
“If we could pinpoint 
the location of the root 
of these hairs, we 
could potentially send 
a probe there and 
get a bonanza of data 
about dark matter,” 
says Gary Prézeau 
of NASA's Jet 


Propulsion Laboratory. 


A proposal has been put 
forward to define what is 
an exoplanet and what 
isn’t. The measurement 
uses the star’s mass and 
the planet’s mass and 
orbital radius to see 

if it matches with the 
IAUs existing guidelines 
of a planet. 


The secret of star slimming 


The first step on the road to going supernova has been laid bare 


4 SPHERE’s view of the region around VY Canis Majoris; 
the star itself is hidden behind the obscuring disc 


NEW EXOPLANET IS A SECOND VENUS 


THE CLOSEST ROCKY Earth-sized planet ever 
found could be similar to Venus. GJ 1132b is just 
39 lightyears away and has a surface temperature 
of around 230°C — though this is too hot for liquid 
water, it does allow for an atmosphere to persist. 

The planet is notable as most rocky worlds 
discovered have surface temperatures of several 
thousand degrees Celsius, far too hot to maintain 
an atmosphere. And, being so close, it may even 
be possible to observe its weather patterns. 

“While GJ 1132b is not in the habitable zone, 
every new planet teaches us more about how 
planets work in general. It is definitely not 
‘another Earth’ but a really hot new planet,” says 
Lisa Kaltenegger of Cornell University. 
http://www.gmto.org 


LIKE MANY HYPERGIANT stars in their final days, 
VY Canis Majoris is losing mass at a huge rate — 30 
Earth masses a year. But until now, the mechanism 
for this mass loss has remained a mystery. 

Observations with the SPHERE instrument on 
the Very Large Telescope in Chile have now shown 
that the starlight is being scattered and polarised 
by dust grains 0.5m across — seemingly small, 
but in fact 50 times larger than those found in 
the interstellar medium. 

“These are big enough to be pushed away by the 
star’s intense radiation pressure, which explains 
the star’s rapid mass loss,” says Peter Scicluna, 
of the Academia Sinica Institute for Astronomy 
and Astrophysics. 
http://www.eso.org/public/teles-instr/vlt/ 


GJ 1132b is also tidally locked, meaning that the 
same side of the planet faces its parent star 


Looking back Sky@nNight 


January 1981 


On 11 January 1981 the Sky at 

Night team looked at the history 

and research being done by the 

200-inch Hale reflector at the Mount 

Palomar Observatory in California. 
Work on the enormous scope 

began in 1928 when George 

Ellery Hale secured funding to 

build it, but it would take 20 years 

to finish. As well as constructing 

the observatory, the 200-inch mirror, 

which weighs in at 13 tonnes, took 

several attempts to perfect. 


When it was finally dedicated in 
1948, it was the largest effective 
telescope in the world and remained 
so for 27 years. Over the years the 
scope has been modernised, with 
new instruments being installed to 
take full advantage of its incredible 
light gathering power. Its great 
discoveries include characterising 
the expansion of the Universe, solving 
the puzzle of how stars burn hydrogen 
and helium in their cores and taking 
the first optical spectrum of a quasar. 
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CUTTING 


Our experts examine the 
hottest new research 


The volcanoes of Io 


lo is the most volcanic body in the Solar System, 
but the source of its energy is still a mystery 


he astonishing level of volcanic activity 

on Jupiter’s moon Io was discovered by 

Voyager | as it flew past in 1979. Since 

then, we’ve been able to examine Io much 
more closely over a protracted period with the 
Galileo orbiter, and have calculated that this moon 
has an average global heat flow 30 times higher than 
Earth. Io is a hot, violent little world. 

All of this activity is driven by tidal heating as 
Io orbits within the powerful gravitational influence 
of Jupiter. But what we don’t fully understand yet 
is whether this heating occurs just beneath Io’s 
crust or much deeper in the mantle. 

Unlike Earth, where most volcanoes are 
concentrated along spreading centres or plate 
subduction zones (although some, like those in 
Hawaii, represent hot spots in the middle of a plate), 
Io shows no evidence of plate tectonics and its 
volcanoes are distributed all over its immobile 
surface. So what Ashley Davies and his colleagues 
at NASA’s Jet Propulsion Laboratory think is that by 
examining the pattern of volcanic activity across 
the face of Io they might be able to work out where 
the heating is taking place. 
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4 The unexpected heat 

flow profile beneath lo’s 
south pole raises further 
questions about Jupiter's 
volcanically active moon 


LEWIS DARTNELL is an 
astrobiologist at the 
University of Leicester 
and the author of The 
Knowledge: How to 
Rebuild our World 
from Scratch (www. 
the-knowledge.org) 


Davies has taken thermal imaging from the 
Galileo probe along with more recent ground-based 
observations using telescopes with adaptive optics 
and created a map of volcanic heat flow on Io’s 
surface. What you'd expect to see if the tidal heating 
were relatively shallow are hot spots nearer the 
equator and, in particular, at the point facing 
Jupiter and the corresponding point on the 
opposite side of Io (in the same way tides in our 
oceans form bulges both immediately below the 
Moon and also on the opposite side of the Earth). 
On the other hand, with deeper heating, you'd 
expect higher heat flow towards the poles. But 
puzzlingly, Davies’s maps don’t match up with 
either the shallow or deep heating cases, or indeed 
any combination of the two. 

The first problem is that the observed volcanoes 
can only account for 54 per cent of the heat that 
must be flowing from Io’s crust. The rest of the 
thermal energy could be being lost by large areas 
of the surface that are only slightly warmer — this 


would have been difficult for the Galileo 
instruments to spot. And in fact, this might be the 
reason behind Io’s surprisingly warm poles. But the 
second mystery is that the heat flow map seems 
shifted around the moon’s face: clusters of 
volcanoes aren't situated in line with Jupiter, but 
further around to the east. 

Davies has some ideas as to what might be going 
on. Perhaps Io’s surface is rotating slightly relative 
to Jupiter, shifting the volcanic hotspots clockwise. 
Or maybe disturbances of convection in the mantle, 
or variation in thickness of the crust cause the 
offset in the volcanism. Whatever is going on, we 
are unlikely to resolve the mystery until we get a 
new mission to the Solar System’s most volcanic 
body. But besides the Io Volcano Observer that was 
proposed in 2015, there are currently no missions 
planned to visit this intriguing moon. 


LEWIS DARTNELL was reading... Map of lo’s volcanic 
heat flow by Ashley Gerard Davies, Glenn J Veeder, 
Dennis L Matson and Torrence V Johnson 

Read it online at http://dx.doi.org/10.1016/j. 
icarus.2015.08.003 


NEW MOON RISING 


THE C9 MOONPHASE 
Incorporating Calibre JJ04 
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For stunning views | 
in seconds. 


The Infinity breaks the barrier between visual observing and 
astrophotography. It combines the experience of observing at the eyepiece 


with a level of depth and detail that would traditionally be the result of several hours 
processing. This takes a camera that’s sensitive enough to capture faint details on distant objects, and fast 


enough to do it in real time. It then takes our powerful, intuitive software to bring stunning views of the night sky 


to a screen in just seconds. 


This recreates the feel of observing in 
the field through a very large 
telescope, only using much more 
modest equipment. You stay 
connected to the night sky, watching 
satellites drift across your field of 
view, while viewing objects previously 
out of reach to all but the most 
powerful eyepieces and the largest 
apertures. 


See the faint connecting filaments in 
M51 while planning your next move 
in your star atlas. See bok globules in 
the Pelican Nebula as you dodge the 
clouds. Dive deep into the NGCs of 
Andromeda - and do it all in colour. 


Although our eyes aren’t sensitive 
enough to see the universe in colour, 
the Infinity is. Faint grey fuzzies 
become detailed areas of colourful 
nebulosity, allowing you to go beyond 
the limits of our vision. 


But our own vision isn’t our only 
limitation. Light pollution is a growing 
problem for all of us, with backyard 
observing becoming increasingly 
difficult in many places. The Infinity 


Atik Cameras are available from most major astronomy retailers. 


helps you cut through the pollution to 
bring observing back to our urban 
areas. 


It also helps you share the 
breath-taking things we see and 
discover as astronomers. By cutting 
the queue to the eyepiece, the 
Infinity allows everyone to explore 
the night sky not just together, but at 
the same time. You can discuss 
details and anomalies as you see 
them, and remove the need for 
special skills in averted vision. 


This makes it the perfect tool for 
public outreach, as well as observing 
with family and friends. But the 
Infinity doesn’t just provide you with 
incredible live views. It also allows 
you to save single images and even 
whole sessions to share later. You can 
even broadcast your session live 
online to a global audience, right 
from inside our software. 


But surely something this advanced 
involves additional specialist 
equipment and complex software? 
That’s the best bit. The Infinity is 


For a full list of stockists, visit us online. 


designed to work from a focal length 
of around 300mm right through to 
1500mm. It works with alt/az 
fork-mounted telescopes as well as 
equatorial mounts. As long as you can 
track a star for a few seconds, it will 
work with an Infinity, without the 
need for complicated guiding systems. 


The camera itself uses the latest in 
CCD technology to provide incredible 
sensitivity at very low noise, and it’s 
all controlled through our custom built 
software. You want to spend your time 
exploring the universe, not learning 
our program, so we've kept it as 
simple and intuitive as possible while 
still giving you the power and control 
you need to delve deep into the night 


sky. 
Want to know more? 


www.atik-cameras.com 
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What's on 


Our pick of the best events trom around the UK 


Moonwatch 


Attingham Park National Trust estate, Shropshire, 22-24 January, 3pm 


Pic 
aie 


4 Discover the night sky at this year’s Moonwatch event in Shropshire 


Shropshire Astronomical Society is 
hosting a weekend-long event at 
Attingham Park featuring guided 
observing and astronomy-related 
craft activities. 

From 3pm to 5pm on Saturday and 
Sunday, the society is hosting sessions 
for children and young people on 
making and testing stomp rockets. At 
3pm and 4pm, Friday to Sunday, some 
of the society's astronomers will lead 
sessions on building and using 
planispheres to navigate the night sky. 
Then from 6pm to 9pm, Shropshire 


Astronomical Society will host stargazing 
and observing sessions for both 
seasoned observers and newcomers to 
the world of astronomy. 

The afternoon craft activities are 
free drop-in sessions for all visitors 
to the park, while the planisphere 
demonstrations are £2.50, with advance 
booking recommended. Evening 
observing sessions are £3 for adults and 
free for society members, National Trust 
members and under-16s. For more 
information, visit the website. 
www.shropshire-astro.com 


THE SKY AT NIGHT RETURNS IN FEBRUARY 


~wal 


a 


Brian and Dara host Stargazing LIVE in 
January - find out more on page 32 


With Stargazing LIVE coming to 
our screens on BBC Two for three 
nights on 12, 13 and 14 January, 
The Sky at Night will be taking a 
break, returning in February. Keep 
up to date with the latest programme 
news and access past episodes, 
video clips and guides from the 
archive at bbc.co.uk/skyatnight, 
and follow the team on Twitter 

via @BBCStargazing. 


*Check www.bbc.co.uk/skyatnight 
for subsequent repeat times 


The James Webb Space Telescope 


Rectory Cottages, Bletchley, Milton Keynes, 
22 January, 8pm 


Dr Sarah Kendrew, 
postdoctoral 
researcher in 
astronomy 
“instrumentation at 

} the University of 
Oxford, leads this 
talk on the successor 
2 to the Hubble Space 


| Telescope, hosted by Milton Keynes Astronomical 


Society. Admission is free. 
www.mkas.org.uk 


The Human Exploration of Space 


Babbage Building, Plymouth University, 
8 January, 7.30pm 


From early pioneers like Russian 
rocket scientist Konstantin Tsiolkovsky 
to current astronauts like Tim Peake, 
the story of humans in space is one 
that captures the spirit of endeavour. 
Dr Mike McCulloch (pictured), 
lecturer in Geomatics at Plymouth 
University, leads this talk on behalf of Plymouth 
Astronomical Society. Admission is free for members 
and £2 for visitors. 

www.plymouthastro.btck.co.uk 


Micrographia on the Moon 


Leonard Jones Building, Keele University, 
30 January, 6.30pm 


Science historian Dr 
Allan Chapman talks 
about the influential 
17th-Century scientist 
and astronomer Robert 
Hooke for North 
Staffordshire Astronomical 
Society. Hooke’s seminal 
work Micrographia 
delivered amazing 
illustrations and findings 
on astronomy, while his 
notable contributions 
include demonstrating 
how lunar craters are caused by impacts on the Moon. 
The talk is £5 for non members, £2 for members, OAPs 
and students, and free for Keele students and children. 
www.northstaffsas.co.uk 


MORE LISTINGS ONLINE 


Visit our website at www. 
skyatnightmagazine.com/ 
whats-on for the full list of 
this month’s events from 
around the country. 


To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at the 
bottom of the page. 
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THE MOST WIDELY USED, RESEARCH-GRADE, TELESCOPE SYSTEM 


The Benchmark 

It is the most widely used advanced amateur telescope 
on Earth. And for good reason. It combines the most 
sophisticated optical system available with rock-solid 
mechanical and electronic elements. 


High-End Features 

Ultra-stable tripod and mount, Primary Mirror Lock to 
eliminate focus and mirror shift during long exposures; 
large, high-quality worm-gear drives in both axes to provide 
extraordinarily smooth movement, and; Smart Mount 
and Smart Drive, delivering Permanent Periodic Error 
Correction (critical for long exposure astrophotography). 


Rother Valley Optics 
01909 774521 


F1 Telescopes 
0845 260 2622 


Harrison Telescopes 
0208 979 6809 
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Advanced Coma-Free™ Optics 

The Advanced Coma-Free optical system with Ultra-High 
Transmission Coatings as standard, has brought the 
highest level of optical performance well within the reach 
of most amateurs. Apertures from 8-inch to 16-inch. 


AutoStar© II Handbox 

The LX200-ACF also comes with the AutoStar || handbox 
controller which puts over 140,000 objects at your fingertips 
and delivers the fastest GoTo performance available. This 
simple to use handbox provides complete control over 
every aspect of the telescope’s operation. You can even 
control the system from an external computer. 


Widescreen Centre 
020 7935 2580 


Tring Astronomy Centre 
01442 822997 
www.tringastro.co.uk 


Opticstar 
0161 969 9008 
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love Christmas 
with all of its 
traditions: the 
lights, the carols 
and, of course, the star. 
It is only mentioned 
in one of the gospels 
— Matthew — yet the Star 
of Bethlehem has 
become a staple for all 
of us. But was it real 
and if so what could 
it have been? 

The timing of the 
Nativity is not spelt out 
in detail in the Bible, but 
reference is made to the 
Magi meeting King 
Herod. He is thought to 
have died between 4 BC 
and 1 BC, so Jesus must have been born 
before this. Most scholars set the timescale 
between 4 BC and 8 BC. 

The Magi were considered to be wise 
men and it’s also likely that they would 
have been familiar with the night sky, 
observing cosmic events and interpreting 
their meanings. The star that they are said 
to have followed may have been a comet, a 
possible contender; these bodies can be 
seen in the sky for months at a time, giving 
the Magi plenty of time to follow it, and 
they can also be very bright. On top of 
that, Chinese astronomers reported two 
comets in this period, one in 4 BC and 
another in 5 BC. It seems unlikely that the 
Magi would have considered this to be 
good news though: comets were usually 
seen to be harbingers of doom. 


A PASSION FOR SPACE JANUARY 21 


with Maggie Aderin-Pocock 


The Sky at Night presenter considers the 
candidates for the Biblical Star of Bethlehem 


actually a supernova? It’s 
unlikely we'll ever know 


Planets can sometimes be mistaken for 
stars, and research has shown that around 
7 BC there was a conjunction between 
Saturn and Jupiter. This rare event would 
have made for a spectacular sight, but I 
think that the Magi would be aware of 
this and may have even anticipated its 
occurrence. Nevertheless they may have 
still taken it as an omen of something 
fortuitous happening imminently. 


Explosive contenders 

A more likely candidate for the star is a 
nova. This is a binary star pairing, where 
a dense white dwarf steals matter from its 
companion star until it reaches a critical 
mass. Then its outer shell ignites and 
burns brightly: all of a sudden it goes from 
being invisible to the naked eye to one of 


the brighter objects in 
the night sky. But once 
the matter in the shell is 
exhausted the star fades 
to obscurity, only to start 
the whole process again. 
In term of a star 
suddenly appearing in 
the night sky and being 
visible for a few months, 
anova makes a good 
candidate for the star. 
Then again so does its 
big brother, the supernova. 
A supernova is my 
favourite explanation. 
Brighter than a nova, 
this is the death throes of 
a massive star. It occurs 
when the balance between 
the star’s inwardly pulling gravity and its 
outwardly pushing core fusion energy is 
disrupted, as the fuel for fusion runs out. 
When this happens gravity takes over, 
shrinking to star until its core implodes 
and a colossal nuclear explosion ensues. 
For a few weeks this is the brightest thing 
in the night sky, shining brighter than all 
the other stars in the Galaxy combined. 
The sheer scale of a supernova makes it 
appealing as the Star of Bethlehem but in 
truth we may never really know what it 
was. It still acts as a symbol for many and 
brings the hope for peace on Earth, and to 
me that is a great sentiment, no matter 
what time of year. @ 
Maggie Aderin-Pocock is a space scientist 
and co-presenter of The Sky at Night 
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Still on Kepler 452b, Jon experiences his first instance of exoplanetary pareidolia 


aving marvelled at the 
majestic Earth-like ~ 
appearance of , 
and begun to adjustto 
gravity 60 per cent stronger than Earth’s, 
I cannot bring myself to depart this 
exoplanet just yet. The terrain has such 
astonishing variability that I’m desperate 
to stay, observe and explore much more. 

I steer my ship, the Perihelion, 
500km west and a brand new vista 
looms into view, utterly different 
from the patchwork of beige lakes 
I had seen before. 


Here there are numerous layers of 
what appear to be curved, swooping 
river paths, separated by stubby, low 
mountainous outcrops. The rivers follow 
paths like sine waves on an oscilloscope. 
I can see nine of them, each adjacent to 
the other and all containing what looks 
like rusty, briny liquid water. 

My estimation is they’re all around 
3km wide. They remind me of those 
seasonal liquid water flows recently 
described on Mars, but ona vastly 
greater scale. The flow of the liquid is 
not like the familiar river torrents on 
Earth: it is slower. There are waves 


covering a larger area; the sound isa 
bit like a recording of Earthly 
TS the tape slowed 
due to the 
ce of a satellite like our 
Moon to create tides. It’s a 
movement like water in an 
Olympic pool 10 minutes after the 
200m freestyle final; having pulsed 
up and down, the water has settled 
back into a calmer rhythm after 
its vigorous agitation. 
Between two of the wider 
sections of these oddly concentric 
alien river swells is a patch of green 
with features tantalisingly similar to a 
Serengeti watering hole. Could this 
possibly be a localised zone supporting 
alien lifeforms? I keep a 7-inch reflector 
telescope stored in the Perihelion and 
I hurriedly remove it from the hold, 
impatiently setting it up to observe this 
area of foliage from a safe distance. 
What I see is deeply peculiar sights. 
At the edge of one of the sharpest curves 
of the alien river bank there is what 
appears to be an astonishingly bizarre 
creature. At what must be around 6m 
long, through the telescope eyepiece 


this lifeform is like a hybrid of a 
hippopotamus and the larva of an 
elephant hawk moth. A wide 
bulky body, verylowtothe 
ground, seems to be achieving 
its slow locomotion on eight 
squat limbs resembling a 
caterpillar’s prolegs. 

This kind of physiognomy would 
certainly suit the powerful gravity here. 
The movement of this ‘creature’ is so 
imperceptibly slow it’s like watching the 
minute hand of a clock. Only by looking 
away and then looking back a short while 
later can any movement be made out. 

I can hear Sir David Attenborough 
describing “this quite extraordinary 
cross between a sloth and a land whale”. 

This certainly chimes with our 
human perceptions of what sentient life 
is — unless, of course, this is simply an 
illusion which resembles life in more a 
sophisticated fashion to “The Face on 
Mars’. Kepler 452b becomes ever more 
mind boggling! It is far too early to 
depart here just yet. 


Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night 
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This month’s 


top prize: four 
Philip’s books 


The ‘Message of the Month’ 
writer will receive four top 
titles courtesy of astronomy 
publisher Philips: Robin 
Scagell’s Complete Guide 
to Stargazing, Sir Patrick 
Moore's The Night Sky, 
Robin Scagell and David 
Frydman’s Stargazing with 
Binoculars and Heather 
Couper and Nigel 
Henbest's Stargazing 2016 
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WHAT YOU'VE BEEN SAYING 
ON TWITTER AND FACEBOOK 


Have your say at twitter. 
com/skyatnightmag 
and facebook.com/ 
skyatnightmagazine 


@skyatnightmag asked: 
Now it’s Advent, what are 
you putting down on your 
Christmas list? 


Alan Bickerstaff Some 
clear skies would be nice! 


Jon Turner Backyard 
Astronomer Confirmation 
of alien structures around 


KIC 8462852 


@sjb_astro focal reducer 
for my 6” SCT - fed up of 
not being able to fit Sun 
or Moon in fov when 
taking prime-focus pics 
with my DSLR 


Sandy Frances I’m hoping 
to get my first telescope but 
not sure what is the best 
one to get for a beginner 
and where to get it from 


on clear nights we pick out interesting 


' Cassiopeia. I’m always stunned by its 


Interactive 


EMAILS e@ LETTERS @ TWEETS e FACEBOOK 


Email us at inbox@skyatnightmagazine.com 


MESSAGE OF THE MONTH 
The Christmas tree hidden in plain sight 


As Christmas is approaching, I thought it would 
be a good idea to tell you about a wonderful 
observation a schoolchild made about a 
particular object in deep space. ’ma 
volunteer ‘science explainer’ at Kielder 
Observatory in Northumberland and 


deep-sky objects that anyone can see 
with the telescopes. This time of year, 
one of my personal favourites is M103 in 


unusual triangular shape, topped off 
with a brilliant red star right in the 
middle. I find its perfect geometry and 
unusual colour differences very pleasing to the eye. 
During a clear evening earlier this month we were 
observing M103 during a family astronomy event. 


4 M103 is one of the 
most distant open 
clusters we know of 


I posked the first child who peered through the 
. eyepiece what they could see and to my 
Mm delight they shouted out “A Christmas 
® tree!” One after another, everyone who 
peered through the scope (adults too) 
saw the same thing. Now I can’t look 
Yat the cluster and not see a glittering 
Christmas tree with a glowing jewel in 
the middle. Next time you get your 
scopes out this winter, head straight up 
and have a look for yourself; it’s a 
wonderful sight! 
Sam Cornwell, via email 


You're right Sam, there’s a striking resemblance! It 


joins NGC 2264 in Monoceros, part of which is 


also known as the Christmas Tree Cluster. — Ed 


Escape to the country 

It comes as a great surprise when you encounter 
dark skies away from light pollution, especially in 
summer and autumn when the Milky Way straddles 
and dominates the sky. Its twists and tears amaze 
the eye and dark areas around Cygnus abound. It 
can be quite confusing to spot constellations with 
the naked eye: gone is the W of Cassiopeia, to be 
replaced by a square-tailed kite! With binoculars 
and scopes, the deep sky opens up. Galaxies once 
elusive from town become bright with signs of 
structure and dust lanes, and those many clusters 
open out in brightness against a black curtain. 

So get far away from light pollution, enjoy a 
pristine sky: it’s really worth the effort! It gives 

us a great sense of what ancient civilisations 

saw and puzzled over. 

Nicholas Cox, Swadlincote, Derbyshire 


Thanks for the inspiring words, Nicholas. No 
further persuasion needed! - Ed 


Bothersome barycentres 
With regard to Paul Campbell’s letter ‘Is Jupiter a 
planet?’ in the October issue, Iam a great fan of 
analogies that help to explain the workings of the 
Solar System, but it’s important not to confuse 
analogy with reality. Although the barycentre of a 


hypothetical Sun-Jupiter system does indeed lie just 
outside the Sun, this does not apply in a planetary 
system with a veritable ‘zoo’ of other objects. The 
Solar System actually has a common barycentre 
influenced by the Sun, the planets, comets, asteroids 
and even nearby stars. Its barycentre changes 
position on quite a grand scale, moving in loops and 
spirals over many decades, influenced notably by 
conjunctions of the gas giants. Sometimes the 
barycentre is within the Sun and sometimes outside 
—the maximum distance it can be from the Sun’s 
surface is periodically as much as a solar radius. The 
effect of Jupiter on its own, while substantial, is 
somewhat lost in the ‘noise’ of all the other 
gravitational interactions. 

Jon Watson, Astronomical Society of Edinburgh 


A valuable insight, Jon. The context of the 
Jupiter-Sun relationship is indeed important. - Ed 
oops! 

The price of the Sky Vision 24-inch T600 Compact 
Go-To Dobsonian reviewed on page 90 of the 
December issue was incorrect. The correct price for 

the system shown is £18,575. 


The title of David Tolliday’s image for the month of 
April in the 2016 Calendar is ‘Orion DT’, not ‘The 


Magnificent Omega Centauri Cluster’ as stated. 
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Hotshots 


This month's pick of your very best astrophotos 


CHARLES THODY, PEMBROKESHIRE, 8 SEPTEMBER 2015 


Charles says: “With no 
permanent setup, my biggest 
challenge is to capture images in 
one night, as the equipment can’t 
stay in position. This picture is 

a combination of 42 guided 
images of varied exposures 

(from 90 seconds to nine minutes) 
processed in Nebulosity, Lightroom 
and Photoshop to draw out the 
colours and structure. I’m really 
pleased with the colour and 
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detail, given this is a DSLR image 
taken in only one night!” 


Equipment: Modified Canon EOS 
AOD DSLR camera, Sky-Watcher 
Equinox 80ED apo refractor, 
William Optics flattener, 
Sky-Watcher NEQ6 PRO SynScan 
mount with PHD guiding. 


BBC Sky at Night Magazine says: 
“The spiral structure of the 
Andromeda Galaxy is captured 
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one rainy day and his 
enthusiasm rubbed off 
on me. I’ve always 
loved photography, 
so the challenge of 
imaging the night sky 
was something new. 

| particularly like 
imaging deep-sky 
objects and seeing detail that the 
eye cannot see. The beauty never 
fails to amaze me!” 


brilliantly in Charles's 
photo. So too are the 
speckles of stars and 
faint galaxies in the 
background. This image 
really puts across the 
enormity and beauty 

of the cosmos.” 


About Charles: “I got serious 
about astronomy about five years 
ago after meeting Paul Money 
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The Wizard 
Nebula > 


CHRIS HEAPY, 
MACCLESFIELD, 
2 OCTOBER 2015 


Chris says: “The 
Wizard Nebula is 

a difficult object to 
observe visually, 
requiring very dark 
skies and an Olll 
filter. However, the 
power of an amateur 
CCD camera with 
narrowband filters 
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JOHN R SHORT, DERWENT RESERVOIR 
DURHAM, 8 OCTOBER 2015 


John says: “Even with a 14mm lens it’s not 
possible to capture the complete Milky Way 
in a single shot, so | decided to create a 
panorama of three images with the camera 
mounted in a landscape position. Then | could 
create a portrait-shaped image in the final 
blend. On the night, my wife and I drove to 

a dark-sky location about 50km from home. 
We had travelled in the hope of seeing the 
aurora but that was not to be.” 


Equipment: Sony «7S camera, 
Samyang 14mm lens. 


is able to capture 

it in its full glory, as 
shown here. | love 
the colours and 

the ‘wizard’ is clear 
to see!” 


Equipment: Atik 
490EX CCD camera, 
Tele Vue-NP127is 
apo refractor, 
10-Micron GM 

2000 HPS-II mount, 
Astrodon 3nm Ha/ 
Olll/SII filters, Baader 
7nm Ha filter. 


Richard says: “I had wanted to take this photo 
for ages and asked the owner of the house 
behind my camera to turn off their security 
light. | still ended up with some shots where it 
had illuminated the church so | decided to use 
a few of them in the final image.” 


seid TAY 
Equipment: Modified Canon EOS 1100D DSLR 
camera, 10-20mm f/4 lens. 


Andras says: “This was taken during a two-week expedition in 
Namibia. The night started very badly due to the clouds and | was 
pretty tired after a lot of sleepless nights, so | decided to turn my 
telescope to a bright object before going to sleep. My plan was to 
show the darker parts surrounded this nebula. However, processing 
the image with less shots than planned was a real challenge.” 


Equipment: Modified Canon EOS 550D DSLR camera, home- 
made 8-inch f/3.8 astrograph, Sky-Watcher EQ6 Pro SynScan 
mount, Lacerta MGEN autoguider. 
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ALVARO IBANEZ PEREZ, GUADALAJARA, 
SPAIN, 19 SEPTEMBER 2015 


Alvaro says: “Las Inviernas, where this picture 
was taken, is only 60km northeast of Madrid 
so | had to use an IDAS antipollution filter. 

On the night | caught this shot conditions 
weren't perfect and I think the image could 
have been a lot better on a clearer night.” 


Equipment: Starlight Xpress Lodestar 
Autoguider CCD camera, Lunatico EZG-60 
guidescope, Baader LRGB and IDAS light 
pollution suppression filters. 


A Comet €/2013 USI0 Catalina _ 


JOSE J CHAMBO BRIS, 1 OCTOBER 2015, SIDING SPRING, AUSTRALIA 


José says: “This was the last photo | took in the southern hemisphere before the comet 
disappeared from view. In this wide-field image you can see a greenish coma due to gas 
emission of diatomic carbon between the constellations of Centaurus and Lupus.” 


Equipment: FLI MicroLine ML16803 monochrome CCD camera, Takahashi FSQ-106ED 
f/5.0 apo refractor. 


<The 
Elephant’s 
Trunk Nebula 
PAUL HUTCHINSON, 
TORQUAY, 

1 OCTOBER 2015 


Paul says: “It was a 
short night for 
shooting deep-sky 
objects as the Moon 
was going to rise. 

| was set up 45 minutes 
before and caught 
20 sub-frames before 
it got too high.” 


Equipment: Canon 
EOS 1100D DSLR 
camera, Sky-Watcher 
Explorer 200P 
Newtonian reflector, 
Sky-Watcher HEQ5 
PRO SynScan mount, 
QHY5-II CCD 
guiding camera. 


ENTER TO WIN A PRIZE! 


ALTAIR oe ASTRO We're joined forces with Altair Astro UK to offer 


the person behind next month's best Hotshots 
image a fantastic prize. The winner will receive a Starwave 50mm Guide Scope and Finder Kit, for 
autoguiding as well as visual use as a finderscope. www.altairastro.com ° 01263 731505 


Email your pictures to us at hotshots@skyatnightmagazine.com or enter online. 
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hat started out back in 
2010 as a rather far-fetched 
and audacious idea to 
broadcast a one-off live 
version of Brian Cox’s Wonders of the 
Solar System has since evolved into one of 
the most lauded and anticipated annual 
fixtures on the science-telly calendar. 

The first series of Stargazing LIVE was 
structured around a trio of celestial treats 
—a rare conjunction of Jupiter and Uranus, 
a partial solar eclipse and the Quadrantid 
meteor shower — which enabled us to bring 
astronomy into the nation’s living rooms 
over three consecutive nights. There were 
so many highlights, including Liz getting 
hands on with the mighty Keck telescope 
in Hawaii, Brian speaking to astronauts 
on the ISS and perhaps the most infamous 
moment to date when, live from a field at 
Jodrell Bank, Mark Thompson explained 
there was nothing to see in the skies above, 
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completely oblivious to the perfectly 
timed piece of space debris that had 
entered the shot behind him. 


It only grew from there 
Series two had a lot to live up to after 
such a successful debut and it did not 
disappoint. Highlights included a live 
link from Houston with Eugene Cernan, 
the ‘last man on the Moon’, and his 
confession that he was worried the ‘car’ 
wouldn't start when setting off back for 
Earth. We ‘listened’ to a far-off exoplanet 
discovered by viewers through our citizen 
science project, and convinced the town 
of Dulverton to switch off its lights to 
show the disruptive effects of light 
pollution on our glorious skies. Series two 
also introduced our companion aftershow 
Back To Earth, which comprised an open 
and relaxed chat with prominent space 
scientists and celebrity astro-fans. 


TA 


FIVE YEARS AND 


COUNTING 


Producer Keaton Stone looks back 
on the story of Stargazing UVE so far 


Ah, the difficult third series! Liz jetted 
off to NASA’s Goddard Space Flight Center 
and JPL to play with some serious toys, 
including Hubble’s forthcoming successor 
and Curiosity’s earthly twin. We were 
granted an audience with astrophysicist 
and Nobel Laureate John Mather, as well 
as NASA engineer Adam Steltzner, who 
was responsible for the successful outcome 
of ‘that’ seven minutes of terror when 
Curiosity touched down on the Red Planet. 
A trip out to the Deep Space Network in 
the Mojave Desert looked at the probes 
exploring our Solar System and we were 
also able to announce that Earth wasn’t 
in the firing line of a much-hyped killer 
asteroid! Superstar Brian May popped by 
Jodrell to talk about his close friend and 
mentor Sir Patrick Moore, who had sadly 
passed away shortly before the series aired. 

During series four and five we screened 
unprecedented live broadcasts of the 


4 Liz has taken viewers behind the scenes in 
cleanrooms and space labs around the world 


aurora borealis and a solar eclipse from 

a plane above the Arctic Circle. We were 
graced by the presence of Apollo hero 
Walt Cunningham and singing spaceman 
Chris Hadfield, who joined us having 
recently returned from six months on the 
ISS. Through our citizen science projects 
viewers helped discover supernovae, while 
the production team was credited in an 
actual scientific paper as co-discoverers 
of gravitational lenses! Dara experienced 
the G-forces astronauts endure during 

a launch, and Brian explained how we 
know our Galaxy is a spiral. The greatest 
coup for the show so far came when space 
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Dara and Brian make 
the science accessible 


4 One of the show’s highlights was the live 
broadcast of a solar eclipse in series five 


royalty Buzz Aldrin joined us in person 
to discuss his time on the Moon and his 
dreams for the next giant leap to Mars. It 
was pretty special all round: even more so 
when he partook in our backstage ‘astro- 
wear competition and ended up keeping 
my space pyjamas for himself. It was 
worth it for the autographs in return! 
January’s new series will no doubt bring 
further cosmic delights and even more 
adventurous attempts at awe-inspiring 
‘spacetaculars’, but the real legacy of this 
programme is seen after each series with 
a surge in interest in astronomy and the 
night sky across the country, an increase in 


4 Apollo 11 astronaut Buzz Aldrin loved 
Keaton’s space pyjamas so much he kept them 


telescope sales and a spike in applications 
to science courses at universities, especially 
in physics. As Brian once said in his wrap 
party speech: not only is this show helping 
advance science in the UK, but is actually 
helping the economy by doing so. Not bad 
for a space telly show, eh? @ 


ABOUT THE WRITER 


Keaton Stone is a space 
enthusiast and assistant 
producer for Stargazing 
LIVE and other BBC 
science shows. Follow him 
on Twitter: @Keaton_S 


Tuesday 12 January, 9pm-10pm, BBC2 
Wednesday 13 January, 9pm-10pm, BBC2 
Thursday 14 January, 9pm-10pm, BBC2 


This year Stargazing Live will be catching up with Tim Peake, the first UK astronaut to 
visit the International Space Station. At Jodrell Bank Observatory, Prof Brian Cox and 
Dara O’Briain will bring us news and exclusives from the worlds of astronomy and 
space exploration, with a special focus on the giants of the Universe. 

The show will also include updates from the New Horizons, Cassini and Rosetta 
missions, and amazing images from the Hubble Space Telescope to celebrate its 
25 years in space. Plus, Brian and Dara look at the hunt for exoplanets, and once 


again viewers will have the chance to make their own contributions to science: this 
time the challenge is to find a pulsar. Dame Jocelyn Bell-Burnell will be in the studio 
fo reveal how she made the first ever pulsar discovery. 

Prof Lucie Green will be on hand to guide you around the night sky once again, with 
special features including how to photograph the International Space Station. Liz Bonnin 
will be reporting live from ESA’s European Astronaut Centre in Cologne, with a very 
special guest taking the plunge to experience the life of an astronaut. 


BBC X 3, KEATON STONE X 3, NASA 
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MAKING HISTORY 


Ahead otf his launch, the UK’s first official astronaut talked 
exclusively with Nick Spall about training, his Principio 
mission and the challenges of spending six months in space 


fall goes well, on Tuesday 15 December 2015 
Tim Peake will be launched into space to 
become the UK’s first official astronaut. Tim 
will lift off from the Baikonur Cosmodrome 
in Kazakhstan and fly to the International Space 
Station (ISS), where he’ll spend six months 
conducting science experiments in the microgravity 
environment as part of Expeditions 46 and 47. 
His duties may also extend to remotely docking 
resupply freighters onto the 450-tonne station and 
possibly a task that involves a spacewalk. 
To date only 545 people have been into space 
and 43-year-old Tim is the first UK-government- 
sponsored astronaut to do so. Every other Brit who 
has ventured beyond Earth’s atmosphere had either 
adopted another nationality or, in the case of Helen 
Sharman, was privately 


after the ISS that we had watched pass overhead 
minutes before,” he says. 


From test pilot to astronaut 
Talking with the modest and good-natured Major 
Peake it’s easy to forget the many credentials that led 
to him being selected as an ESA astronaut in 2009. 
He was up against 8,000 other European candidates, 
many of whom had extensive engineering, science 
and research backgrounds. Although the UK did 
not contribute to ESA’s human spaceflight budget 
at the time, ESA’s then-director, Jean-Jacques 
Dordain, took the view that the UK’s existing and 
planned ESA space science commitment justified 
such a choice. He also acknowledged that, in any 
event, Tim was “a great guy” with all the attributes 
required to become an 


rather than government “Only 545 people have been outstanding astronaut. 


funded. So, what does 


What obviously 


it take to be selected for to sp ace, and Tim i S the first impressed the ESA selectors 


such a mission and, more 


was Tim’s extensive 


importantly, how do you Uk- government- sponsore d flying and engineering 


train to live and work on 


experience. As an Army 


the ISS? To find out, we astr on aut t O do S Oo” Air Corps military 


spoke to Tim while he was 
in the final stages of preparation at the Star City 
cosmonaut training facility, just outside Moscow. 
Tim had recently returned from watching the 
Soyuz TMA-17M launch at Baikonur when we 
spoke. “It was extraordinary to walk around the 
Soyuz on the pad, where it was steaming away with 
ice on its surface, to shake hands with the crew and 
then see the rocket launch two hours later, chasing 
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helicopter pilot flying since 
1994, he had amassed 3,000 hours of helicopter 
and fixed-wing flying, including test flights on the 
complex Apache helicopter. 

So does that make him the UK’s Neil Armstrong? 
With characteristic modesty Tim says: “While I 
have a background in military and test flying, some 
of my new ESA astronaut colleagues are able to 
provide science and engineering backgrounds that > 


o a | 
a Gesa& | 
sates, 


Tim Peake’s career has 
involved aViation and 
engineering and will 
now take him into space 


ee 


CAREER TIMELINE 


Tim Peake’s path from school to space 


Tim (centre) experiences 
zero G aboard a parabolic 
flight during his training 
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BORN 7 April 1972 

AGE 43 years 

EDUCATION Chichester High 
School for Boys 


CAREER HIGHLIGHTS 

> Graduated Sandhurst Military 
Academy, 1990 

> British Army platoon 

commander, 1992 

> Army Air Corps pilot, 1994 

> Flight instructor, 1998 

> Military service in Northern 
Ireland and Bosnia 

> Graduated Empire Test Pilot 
School, 2005 

> Flight Dynamics Degree, 
Portsmouth University, 2006 

> AgustaWestland Apache 
helicopter test pilot, 2008 

> Selected as an ESA astronaut 
trainee, 2009 

> Graduated as an astronaut, 2010 
> NASA NEEMO underwater 
exploration mission, 2012 

> Cave expedition, centrifuge, 
zero-G parabolic flights, Soyuz 
simulator and water tank EVA training 
(Johnson Space Center, Houston and 
Star City, Moscow), 2010-2015 

> Assigned to join the ISS Expedition 
46/47, 2014 


Tim’s flight training is carried 
out inside a full-scale mock- 
up of the Soyuz capsule 


> complement my skills. On board the ISS we 
all mostly do the same science research, 
maintenance and outreach work.” 

Like many test-pilot astronauts though, Tim’s 
background should fully prepare him for the 
rigours of spaceflight, where he will go through the 
stresses of a Soyuz-FG rocket flight: accelerating 
from 0-100km/h in 1.7 seconds at launch before 
reaching an orbital speed of 28,000km/h (five 
miles a second) to catch up with the ISS in its orbit 
400km above Earth. 


Russian instruction 

Tim is now fluent in Russian, having studied it 
closely since being selected to become an ESA 
astronaut. Although he admits it’s a challenge: 
“My Russian on board the Soyuz and the ISS is 
very good so there won’t be any problems there. 
Conversing colloquially in a Moscow shop is, 
of course, a bit trickier.” 

It’s just as well he’s fluent — ground controllers 
from the flight control centre in Moscow will 
speak in Russian and he’ll be flying with Yuri 
Malenchenko as his commander, sitting in the 
central seat of the Soyuz TMA-19M spacecraft. 
The third crew member, NASA’s Tim Kopra, will 
take the left-hand seat as flight engineer one for his 
second spaceflight, with Tim sitting in the right- 
hand position as flight engineer two. “Having two 
crew members called Tim aboard will certainly be 
interesting. Perhaps we’ll resort to being known as 
Kopra and Peake at times,” he jokes. 

What will his role be during the launch, 
the rendezvous with ISS, the docking and, six 


months after that, the separation, deorbit burn 

and re-entry? “While Yuri takes on most of the 
spacecraft flight control, I take some of the pressure 
of the systems-management activity for him 

and Tim Kopra,” says Tim. “It’s a bit like flying 

any multi-crew aircraft — pilots, navigators and 
flight engineers work together closely and this is 
something we practise in simulations. I have lots of 
experience now in the Soyuz simulator and, as flight 
engineer two, ll be managing the many checklists 
we need to follow in the event of an emergency 

— say if there’s a multiple systems failure — and 
monitoring the life-support systems. 

“We're planning to conduct the four-orbit 
rendezvous procedure that replaced the two-day 
approach of previous missions,” he reveals. “That’s 
very dynamic and involves three sequenced burns 
of the orbital manoeuvring system. It’s pressured 
and demanding, but it means we spend less time 
aboard the relatively cramped Soyuz and can 
get to the more spacious ISS quicker, where we 
start acclimatising for the zero-G weightless 
environment and the possible threats of space 
adaptation sickness. However, if we do the longer 
trip there, that will be no problem. ” 

So which of the Soyuz spaceflight segments is 
the most challenging? “The actual launch appears 
relatively straightforward — most astronauts and 
cosmonauts consider its 3-4G pressure on the 
body relatively mild,” Tim explains. The re-entry, 
however, is a different story. “This can occasionally 
become very dynamic if the Soyuz takes on a 
ballistic model,” Tim says. “Pressures of up to 8-9G 
can be experienced by crews, as happened with Yuri 


_ 


4 Becoming familiar with 
the Canadarm, the robotic 
arm on the ISS, is crucial 
as Tim will be operating 

it during his mission 


WHAT : TAKES nose 
(GBs 
ASTRONAUT 


The demanding selection 
criteria to make it to 
astronaut training. -- 


i 


TIM PEAKE JANUARY 37 


4 The crew of Soyuz TMA-19M. From left: Tim Peake, 
RSA’s Yuri Malenchenko and NASA astronaut Tim Kopra 


(te 


4 Tim (second left) with the five other new astronauts 
introduced by ESA at a press conference in May 2009 


Malenchenko and America’s Peggy Whitson on 
TMA-11 due to segment separation failures. This is 
very rare, but we train for it in the centrifuge at Star 
City. I’ve also experienced high-G loads in flying, so 
I’m aware of the issues involved.” 

One of the things that’s made the biggest 
impression is the Soyuz spacecraft itself, and not 
just for how solid, robust and over-engineered it is. 
Tim’s launch will be the 128th Soyuz flight since 
its first in 1967. “It now has a glass-screen display 
in the crew cabin and new computers, but it’s still 
basically the cramped-but-venerable machine that 
was flying back in the late 1960s,” he says. > 
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Tim also trained in the 
neutral buoyancy tank in 
Cologne in 2010, allowing 
him to get a feel for what 
a spacewalk would be like 


PRINCIPIA MISSION 


GHLGHIS 


While on the ISS, Tim Peake will have 


his own mission tasks to perform 


LAUNCH December 2015, 
Baikonur Cosmodrome, Kazakhstan 


SPACECRAFT Soyuz-TMA 11F747, 
manufactured by RKK Energia, Russia 


LAUNCH VEHICLE Soyuz-FG 

FLIGHT NO. Soyuz TMA-19M 
EXPEDITION NO. 46/47 

EXPEDITION CREW COMMANDER 

Yuri Malenchenko (RSA) 

FLIGHT ENGINEER 1 Tim Kopra (NASA) 
FLIGHT ENGINEER 2 Tim Peake (ESA) 
RETURN June 2016 

SCIENCE TASKS Up to 30 international experiment tasks, including 

Uk-led brain pressure research, Thermolab and NEQUISOL materials 
experiments, and circadian rhythm studies 

OUTREACH TASKS Mission X: train like an astronaut, Space to Earth Challenge, 
Rocket Science (in association with the Royal Horticultural Society), Great British 
Space Dinner (in association with the National STEM centre), science filming, 
schools phone links and amateur (Ham) radio broadcasts 

principia.org.uk 

trainlikeanastronaut.org 

www.spacetoearthchallenge.org.uk 
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> Next we discussed his prospects of undertaking 
a spacewalk. “A spacewalk for me is not guaranteed 
during the mission, but the need for maintenance 
repairs for the ISS do regularly pop up. I’ve trained 
in the Neutral Buoyancy Lab at Houston and 
learned to use NASA’s EMU - or extravehicular 
mobility unit. This is flexible in terms of sizes and 
there are over 47 types of gloves for it. The less 
dexterous Russian Orlan suit has only three sizes. 

“Tm qualified to use both suits, though a NASA 
medium-sized suit, which is the size I need, was lost 
in the recent SpaceX Dragon resupply ship accident. 
But another may soon be available for my mission.” 

If he does go outside for a spacewalk, his suit will 
need to withstand temperature changes of between 
150°C and —150°C in seconds. There are dangers 
too — in 2014 Italian ESA astronaut Luca Parmitano 
suffered a hazardous issue with a water-filled 
helmet, plus there is always the embarrassment of a 
lost tool or a tangled tether. 

Tim has other tasks back on the space station 
though. “Pll be operating the robotic arm during 
resupply visits from the SpaceX Dragon, the 
Japanese H-II transfer vehicle and the OSC Cygnus 
spacecraft,” he says. “’m learning how to grapple 
these free-flying vehicles and berth them to the 
station. It’s very demanding, but completely 
satisfying — just like Apache flying actually.” 


Testing, testing... 

Much of Tim’s six months in space will be taken 
up with lab experiments in the Japanese Kibo, 
American Destiny and ESA Columbus labs. Fluid 
physics, electrostatic reactions and fundamental 
physics are now researched on the ISS. Several of his 
experiments could be UK led, including Dr Robert 
Marchbank’s intracranial pressure experiment 
linked with the University of Southampton, plus 
the Thermolab/NEQUISOL materials work for the 
Universities of Greenwich and Leeds. This is all 
possible now that Britain has signed up to ESA’s 


i European Programme for Life and Physical 


Sciences in Space initiative. 

“Much of my work is for life-sciences 
research and I’ve volunteered for at least 
23 experiments,” Tim says. “Some is to 
provide industrial applications from zero-G 
research, particularly for healthcare. Pll 
be undertaking circadian rhythm, muscle 
and brain-pattern experiments, plus eyesight 
research for long-duration missions.” 

The effects of microgravity on eyesight have 

been a concern since a NASA study of astronauts 

in 2012. It noted that increased pressure in the 
cerebrospinal fluid around the brain impinges upon 
the optic nerve sheath and can lead to changes in an 
astronaut’s visual acuity. 

“The effects aren’t too worrying and corrective 
lenses can be used after a mission if needed,” Tim 
says. “And there’s a strong chance of eyesight fully 
recovering, if it’s affected. But since I have 20/20 
vision, [ll be taking part in this ISS research.” 


The ISS team will also use the station’s famous 
Robonaut, 3D printers, hands-free screens, plus the 
prototype ‘transparent phone’ and flexible screen 
material technology. 


Working over the holidays 
Tim will be on board the ISS over Christmas 
and that will focus his thoughts on his wife 
and two sons. He says his children are 
fully aware of what the mission involves 
and his sons visited the NASA training 
pool. “Tl enjoy the teleconferencing 
with friends and family over Christmas. 
I hope we get to decorate the ISS, but no 
alcohol is allowed in orbit, of course.” 

Although drinks aren’t permitted, he 
is allowed 1.5kg of personal preference kit, 
which for Tim includes family photos that 
he can stick up and music on an iPod. He has 
a wide and eclectic taste in music, and his library 
includes everything from rock to classical. There’s 
a library of videos on board the ISS and the guitar 
famously used by Chris Hadfield. But watching the 
passing Earth 400km below through the cupola 
window will be a spare-time ‘addiction’ for him, 
particularly on the normal Sunday “day-off’. 

On board, Tim will sleep in Node 2 within a 
fitted sleep-station that doesn’t have windows, 
but includes a laptop. Sleep is important for crew 
efficiency, but many astronauts suffer difficulties 
sleeping well so Tim will have an eight-hour period 
for sleep to give him a better chance at getting a 
decent rest. He’ll also spend at least two hours a 
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4 Tim about to be 
submerged at NASA's 
buoyancy lab while 
wearing the EMU suit 


day working out on the ISS exercise bike to avoid 
physical degradation of muscles and bone density. 

“Tm a keen runner and this exercise isn’t a 

challenge for me,” he says. “One of the outreach 
campaigns I’m involved with is called the ‘Space to 
Earth Challenge’, [which aims to encourage kids 
to exercise alongside him as he trains on the 
ISS] so it'll be exciting to link space, science 
and young people’s fitness together.” 

Tim hopes for greater adventures after 
this expedition. “I hope the ISS goes on 
until at least 2024. And with NASA’s 
Orion spacecraft that ESA is assisting 
with, the Boeing CST-100 and Dragon 

V2 orbital crewed ships due to fly after 
2017, I'm really excited for the future.” 
Perhaps Tim will be the first of many UK 
astronauts recruited into the European 
Astronaut Corps, though he hopes to be picked 
for another ISS expedition in the future. @ 


4 Gazing through the 
Cupola’s window, Tim 
will see Earth’s surface 
passing by 400km below 


ABOUT THE WRITER 


Nick Spall is a freelance space 
writer. He’s interviewed 
astronauts, experienced zero-G 
parabolic flights and high-g in 
centrifuges in the UK and US. 


Find out more about Tim Peake’s training and experiments, 


and watch live footage from the ISS on Stargazing LIVE 
on BBC Two on 12, 13 and 14 January 2016 


skyatnightmagazine.com 2016 


universe2 go 


. YOUR JOURNEY © 
" THROUGH THE , 
COSMOS! ~~ 


Universe2go combines a reine Vv 
of the stars with the digital world. 
Look to the heavems and discover 
constellations, planets, and galaxies. 


: 
universe2go.co.uk 


oeeacesccenncsossocossssoeepecccossseseoscsossasecesonessosocsseoscsesscososessonacessessses WHAT IS UNIVERSE2GO? sessenssesssseeasasccesoness paneesneseooensecssossosovecessassccssoescenscoecepeosecceossnees 


Universe2go is a completely new, augmented-reality star viewer and smartphone app, which shows you the starry night sky in 
stunning detail! Place your smartphone in the viewer and observe the night sky with numerous, additional bits of information 
as well as sensational close-ups of various celestial bodies. 


Ww v Vv Vv Vv 

Images of all 88 Close-ups of planets, More than three hours of Narratives of Greek Enjoyable exploration in 
constellations of the galaxies, star clusters and audio explanations mythology quiz mode 

heavens nebulae 

a soagasayayeox ooseteesatoaveceneranseresevourtoervossbeeey rrasersaaro eeviersser razeevatsorertneerserrrovTs ORDER NOW crv sssssssssssssssssssssessssneesnsennsnneennnnenrnnnnnsnnsntsnanennnnenvnseennnsennnnees 


INFINITE POSSIBILITIES 


Nt 


3 ee 
Bios shipping CUSTOMER REACTION 
= : arnt > Delivery in 2-5 days “Great what is possible 
eisure time amily : today. Learning and 
> Secure payment options 
5 : fun together for the 
Axl > Exclusively available here whole family.” 
ww > 14-day money back guarantee 
Education Home use 


Order now with a 5% READER’S REBATE! 
Promo-code: u2gosan16 (valid until 31/12/2016) 


WWW.Universe2go.c0.uk £69 including Universe2go app unlock code 


Omegon is a part of nimax GmbH. You will find more information about our company at www.nimax.de. Prices are subject to change and errors are excepted 


Address Phone SZ Mail © Opening hours made in Germany by 
omegon - c/o nimax GmbH +49 8191 94049-61 service@universe2go.com Monday to Friday 


Otto-Lilienthal-StraBe 9 - 86899 Landsberg 9am - Spm 
Germany Central European Time 


MICHAEL MOLTENBREY X 3, ISTOCK X 2 


SIX SIMPLE ‘ 
EXPERIMENTS 


FOR BUDDING ASTRONOMERS 


Inspired by Stargazing LIVEe These experiments 
can help you to understand what's going on in 
our Solar System, writes Michael Moltenbrey 


hy can we observe 
solar eclipses? How 
did craters form on the 
Moon? Why do we have 
seasons on Earth? Questions like these 
are often asked by new astronomers, 
but answering them can be a bit tricky. 


HOW DO 


HAVE YOU EVER enjoyed a view of the 
Moon? Its scarred surface is dominated by 
large basins and craters of varying size and 
shape. But how did these craters form and 
why are some of them deeper or longer than 
others? The following experiment will show 
you what has been happening to the Moon’s 
surface over millions of years. 

You will need: a basin, some flour, cocoa 
and pebbles or marbles of varying sizes. 

Fill the basin with flour about 2-3cm deep. 
Then, sprinkle some cocoa on the surface. 
The cocoa is just there to help the crater stand 
out, so any dark power will do. 


A The ‘Moon’ hangs in space, undisturbed 
for centuries as it silently orbits Earth 


How do you explain abstract situations 
where several bodies are moving around 
and affecting each other? Well, it’s easier 
than you think! These six experiments 
will help illuminate some of the complex 
principles of space science for the 
young... and the young at heart. 


CRATERS FORM’ 


Find a floor or table that’s easy to clean up 
and set down your basin. Then, drop your 
pebble into the flour. Congratulations — you've 
created your first crater! 

Trying changing the speed of the pebble by 
dropping it from different heights, or see if 
you can gently throw it in from an angle 
(careful though, you don’t want to splash flour 
all over the floor). By doing so you can see : ———w 
how the angle and speed of impact affect the 
shape of the crater. Throw a handful of 
smaller pebbles in with a bit of a swing and 
you can even create impact crater chains that 
resemble those on the Moon. 


4 Over millennia, one meteorite after another 
slams into the Moon leaving indelible scars 


4 A meteorite strikes the barren landscape 4 The meteorite shatters on impact, leaving 
scattering debris across the lunar surface a tell-tale crater as evidence of its arrival 
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MEASURING THE SIZE OF 
THE SUN AND THE MOON 


~ With some slight alteration, a shoebox 


ALTHOUGH THE SUN is nearly 
150 million km away from us 
and huge, you can measure its 
size from your living room. 

You will need: a shoebox, 
some aluminium foil, sticky tape, 
a sheet of white paper, a ruler 
and a pin or needle. 

You're going to build a simple 
pinhole camera. Cut a 2x2cm 
square out of the centre of one of 
the short sides of the shoebox. 
Place the aluminium foil over the 
cut-out and tape it down. Then, 
use the pin or needle to pierce 
the foil. Line the inside of the 
opposite end of the box with the 
white paper. You now have a 
pinhole camera. Measure the 
length of the box, from the hole 
to the sheet of paper. 

Point the foil-covered front end 
towards the Sun, being careful to 


becomes an astronomical device 


never look directly at it! An 
image of the Sun will appear on 
the piece of paper and you can 
measure it with a ruler. With that 
measurement and a bit of simple 
maths, you can calculate the 
Sun's diameter: 


Diameter of Sun = size of image 
+ length of box x 149,600,000km 


As 149,600,000km is the 
distance to the Sun and the ratio 
of size to distance from the hole 
is the same for both, this should 
give you a decent estimate of the 
Sun’s size. You can use the same 
method for the Moon, but replace 
the number at the end with 
384,000km. Check your result 
when you've finished to see how 
close you are. The bigger the 
box, the more accurate you'll be. 
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Wish adele: sella Je Clases: 


The Moon’s tiny dimensions means a solar eclipse 
is only visible in certain parts of the planet 


ONE OF THE most amazing 
astronomical observations we 
can witness is a solar eclipse. 
But how do they happen? As 
the Moon orbits our planet, 
sometimes it passes between 
Earth and the Sun, casting 
a shadow. This experiment 
shows you how that works. 
You will need: a lamp, 
a smaller ball (for the Moon) 
and a larger ball (for Earth). 
Find a dark room and switch 
on the lamp, then place ‘Earth’ 
a few metres away so that half 
of it is in the light. Hold the 
‘Moon’ about 20cm above the 
lit side of the ‘Earth’ so it casts 
a shadow on the surface. It'll 
only be a small shadow, which 
explains why a solar eclipse 


can only be seen within a small 
corridor on Earth determined 
by the size of the shadow and 
the rotation of our planet. 

You can use the same 
method for visualising lunar 
eclipses. For this, the ‘Sun’, 
‘Earth’ and ‘Moon’ need to be 
in alignment so Earth’s shadow 
is cast on the Moon, producing 
a lunar eclipse. 

You can vary this experiment 
further: what if the ‘Moon’ 
doesn’t fully block out the Sun, 
or if Earth’s shadow isn’t 
completely thrown upon the 
lunar disc? These experiments 
show what happens during 
a partial eclipse, when the 
shadow falls just beyond the 
edges of a planet. 


During a lunar eclipse the Earth blots out 
the light that would illuminate the Moon 


HOW DOES SPINNING CHANGE 
THE SHAPE OF PLANETS? | 


PLANETS ARE NOT perfect spheres. They 
bulge out at the equator and flatten at their 
poles. The bigger the planet, the bigger 
the effect. Planets are deformed this way 
because they spin and this experiment will 
show you how. 

You will need: a stick, some card, scissors, 
atuler, glue and a pair of compasses. 

First you need to build a model planet. Cut 
out three discs from the card — two need to be 
Acm in diameter (we'll call those A and B) 
and one should be 3cm in diameter (called 
C). Next, make a hole in discs A and C just 
big enough for them to sit firmly on the stick. 
Then make a larger hole into B so that it can 
easily slide up and down the stick. 


< Planets turn into 
oblate spheroids 
by spinning 


Now cut out eight strips of the card (each 
about 1.25x30cm). Glue one end of each 
strip around the edge of disc A so that it looks 
like spider. Then put it on the stick. Next fix 
C on the stick about 15cm away from A 
as a reference point. Finally, put B on 
the stick beneath C and glue the 
ends of the strips around its edge 
so that it looks like the model 
planet on the right. Ensure that B 
can easily move along the stick. 

Now, hold the stick between your 
hands and spin it. Try changing how 
fast you spin the stick and see what 
happens. You should find the faster you 
spin the stick the more the ‘planet’ bulges. 
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THE SIZE OF THE SOLAR SYSTEM — 


Even in a scaled-down Solar System the 


THE SIZES OF the planets in our Solar System 
and the distances between them can be hard 
to grasp, but this experiment will help you put 
things into perspective. 

You will need: cardboard, a pair of 
compasses and a roll of toilet paper. 

Start by drawing circles on pieces of card 
using the scale radii in the table below to 
make your planets (remember to label them 


Name True radius (km) 


distances between planets quickly grow vast _ 


as you go). As a starting point we've given 
Earth a radius of 1cm and left out the Sun 
as it would be 2.2m wide at this scale! 

To represent the distances between planets 
we'll use the toilet paper, as it is conveniently 
separated into sheets of the same size. This 
time we say that one sheet is equal to the 
distance to Mercury. Unfortunately, this is a 
different scale to the planet sizes — if they 


Scale radius (cm) 


True distance from Sun (million km) 


were on the same scale, Neptune would be 
7km away! Then roll out the toilet paper and 
count the sheets until you reach the relevant 
number and put a planet on it. Isn’t it 
impressive how much space there is in 
between? And that’s not even the whole 
Solar System. If you wanted to incorporate 
the Oort Cloud into this model, you'd need 
about 250,000 sheets of toilet paper. 


Scaled distance (#sheet) 


CA CC (| 


WIRY ARE TARE SEASONS? 


WE HAVE FOUR seasons on Earth due to the 
inclination of the Earth’s rotational axis. But 
why does the tilt affect the weather? 

To find out you will need a lamp (for 
the Sun), an orange (for Earth) and a stick. 


The differences between our 
seasons is caused by just 
a few degrees of slant 


Skewer the orange onto the stick, then 
draw around the equator of the orange. Like 
in the eclipse experiment, find a dark room 
and hold the orange up to the light so that 
half of it is illuminated. Instead of holding 


the stick so it’s vertical, tilt it so that it’s at 
roughly the same angle as the Earth’s 
rotational axis, which is 23.5°. 

Now take a closer look at how that angle 
affects Earth's exposure to the Sun. At point A 
the top of the stick is tipped towards the lamp. 
There’s more sunlight shining on the northern 
hemisphere, which in turn receives more 
energy and warms up. The north is 
experiencing summer, while in the south it is 
winter. We have exactly the opposite situation 
when our Earth is on the other side of the 
lamp (at point C). At B and D the stick is 
neither pointing away nor towards the lamp 
— both hemisphere’s are lit by the same 
amount. These points are spring and autumn. 

It’s worth noting that this experiment works 
much better with a lamp that’s designed to 
light in all directions, rather than one that’s 
directional, such as a desk lamp. @ 


ABOUT THE WRITER 


Dr Michael Moltenbrey is 
an astronomy enthusiast 


and a computer scientist 

who specialises in 
{high performance 

numerical simulations. 
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Join the Search 
for a New Earth 


As recently as 1990, it seemed plausible that the solar system 

was a unique phenomenon in our galaxy. Thanks to advances in 
technology and clever new uses of existing data, we now know 
that planetary systems and possibly even a new Earth can be found 
throughout galaxies near and far. 


Embark on this visually stunning and unrivalled adventure in 

24 lectures by veteran planet hunter and Associate Professor of 
Physics at MIT, Dr. Joshua N. Winn. Designed for everyone 
from armchair explorers to serious skywatchers, The Search for 
Exoplanets follows the numerous twists and turns in the hunt for 
exoplanets - the false starts, the sudden breakthroughs, and the 
extraordinary discoveries. Exoplanets will be making big news for 
years to come, and this course will equip you to understand one of 
the most momentous developments of our time. 


THEGREATCOURSES.CO.UK/SSAN 
0800 298 9796 


The Search for Exoplanets: 
What Astronomers Know 


Taught by Professor Joshua N. Winn 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


LECTURE TITLES 


Why Study Exoplanets? 

How to Find an Exoplanet 

Doppler and Transit Planet-Finding Methods 
Pioneers of Planet Searching 

The Misplaced Giant Planets 

Explaining the Misplaced Giant Planets 

The Transits of Exoplanets 


Sniffing Planetary Atmospheres 
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Stellar Rotation and Planetary Revolution 

Super-Earths or Mini-Neptunes? 

Transiting Planets and the Kepler Mission 

Compact Multiplanet Systems 

Planets Circling Two Stars 

Lava Worlds 

Earthlike Planets 

Living with a Dwarf Star 

Living with a Giant Star 

Our Nearest Exoplanetary Neighbours 

Finding Planets with Gravitational Lensing 
. Finding Planets with Direct Imaging 

Near-Term Future Planet-Finding Projects 
. Long-Term Future Planet-Finding Projects 
. The Search for Life on Exoplanets 


. Coming Soon: Biosignatures, Moons, and More! 


The Search for Exoplanets: 


What Astronomers Know 
Course no. 1802 | 24 lectures (30 minutes/lecture) 


DVD £5499 NOW £24.99 
CD £3899 NOW £24.99 


+£2.99 Postage and Packing 
Priority Code: 121014 


For 25 years, The Great Courses has brought the 
world’s foremost educators to millions who want to 
go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available any time, anywhere. Download or stream 
to your laptop or PC, or use our free mobile apps 
for iPad, iPhone, or Android. Over 550 courses 
available at www.TheGreatCourses.co.uk. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.TheGreatCourses.co.uk for details. 


SkyatNight READER SURVEY 


Dear Reader, 


Welcome to the BBC Sky at Night Magazine reader survey. This is your chance to tell us what you'd like 
to see in your magazine and help shape the content in the future. The more we understand about your 
hobbies and interests, likes and dislikes, the more relevant and enjoyable we can make your magazine. 


Please go to www.skyatnightmagazine.com/readersurvey to complete the questionnaire. Alternatively 


you can return the questionnaire below in an envelope (no stamp or postcode required) to: 
FREEPOST RESEARCH INSIGHT / BCDP. Please write nothing else on the envelope. 


Return the completed questionnaire to us by 23:59 on 15 January 2016 and you'll be entered into 
a prize draw to win a C9 Moonphase watch worth up to £1,395 from Christopher Ward. 


We look forward to hearing from you. 


ChQrig Chris Bramley, Editor 
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A. MAGAZINE PURCHASING 
1. How often do you buy BBC Sky at Night Magazine? 


Always |am a subscriber o1 

Always Every issue but don’t subscribe Oo2 

Quite often Once in every 2 3 issues o3 

Occasionally Once in every 4 12 issues o4 
This is my first issue o5 

2. On average, how long do you spend reading an issue of 
BBC Sky at Night Magazine? 

Under 30 mins 2 23 hours o4 
30 mins toan hour O 2 3 6 hours o5 

12 hours o3 Over 6hours O86 


3. How many other people have read or looked at any of 
your copies of BBC Sky at Night Magazine for longer than 
two minutes in the last 12 months? 


Nobody else O11 Five oO6 
One o2 Six o7 
Two O3 Seven o8 
Three o4 Eight o9 
Four o5 More than eight O10 
4. Which of these magazines do you also read? 
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3 35 56 88 » 

< <3 Gs Os £ 
All About Space O102 03 04 O05 
Astronomy O102 03 04 O05 
Astronomy Now O102 03 04 O05 
How it Works Gl O2 BS G4 ws 
New Scientist O102 03 04 O05 
Sky & Telescope Gio2 03 04 a5 
BBC Focus Magazine O1 02 03 04 O05 
BBC Wildlife Magazine O11 02 03 04 O5 
B. YOUR INTERESTS 
5. Which of these best describes your relationship 
with astronomy? 
Interested, but don’t actively pursue o1 
It's a hobby | actively pursue = ed 
| study/studied it as part of a degree or qualification 1 3 
| work in the field o4 


6. In terms of practical astronomy, how would you rate your 
level of knowledge? 
Beginner o1 
Intermediate O 2 


Expert O3 


7. On average, how frequently do you observe the night sky? 


Most nights o1 
23 nights a week o2 
Once a week og 
Once a fortnight or less o4 


8. How often do you observe the night sky in the following 
locations? 


Regularly Sometimes Never 
] 2 3 
Your back garden oO o a 
Dark sky site locally im o o 
Dark sky site nationally oO Oo o 
Dark sky site abroad oO o a 


9. What is the main way you observe the night sky? 

Binoculars o1 
Small scope (reflector <200mm, refractor <?0mm) 02 
Large scope (reflector >200mm, refractor >90mm) O13 


www.christopherward.co.uk 


10. How would you rate your level of expertise 
in astrophotography? 


| don’t take astrophotos (go fo question 13) o1 
Beginner o2 
Intermediate 03 
Expert o4 


11. What equipment do you use to take your astrophotos? 


CCD camera o1 High frame rate camera 0 5 
DLSR camera o2 Modified webcam o6 
Film camera 03 Video camera o7 


Compactcamera O14 


12. Roughly how much do you anticipate spending on 
astrophotography equipment in the next 12 months? 


£0 o1 £200 £299.99 o5 
£1 £49.99 02 £300 £499.99 O6 
£50 £99.99 03 £500 £749.99 o7 
£100 £199.99 o4 £750+ o8 


C. ABOUT BBC SKY AT NIGHT MAGAZINE 

13. Which of the following statements best describes how 
you feel about BBC Sky at Night Magazine no longer coming 
with a coverdisc? 

| preferred to access the content from the coverdisc 0 | 

It took a while to get used to the change, but | feel 


okay about accessing the content online o2 
It makes no difference to me o3 
| don’t miss the coverdisc and it has not affected 

my opinion of the magazine o4 
| much prefer accessing the content online o5 
| hadn't noticed the coverdisc had gone o6 
| didn’t know there was a coverdisc previously o7 


14. How regularly do you view the online bonus content on 
skyatnightmagazine.com? 


Every month (go to Q16) ol 
Most months (go to Q16) o2 
Less often 03 
Never o4 


15. Why don’t you view the online bonus content on 
skyatnightmagazine.com more often? Please select as 
many as apply 


Don't have time to o1 
It's too much effort o2 
It didn’t work 03 
| couldn't find the content o4 
| don’t have access to the internet o5 
I'm not interested in the content o6 
| wasn’t aware of the content o7 
Other o8 


16. Listed below, are all the sections that have been included 
within the online bonus content for this issue of BBC Sky At 
Night Magazine, For each item please tick the column that 
comes closes to your opinion of it. 
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2 5 5 3 io 

fay > o Zz va 
Astronomy & space videos O O2 03 04 O5 
Binocular & deep sky tous O1 02 O3 O4 O5 
EQMOD software O1 02 03 04 O5 
Equipment review guide oO O2 03 o4 O5 
Eye on the Sky gallery Ol 82-83 Ba o5 
Hotshots O102 03 04 05 
Lessons in astronomy videos O O2 O8 Oo4 05 
Observing forms O1 02 03 04 O5 
Sky at NightTV programme O O2 03 04 O5 
Virtual Planetarium O1o02 03 04 O5 


17. What do you think about BBC Sky at Night Magazine's 
coverage of the following subjects? 
Too much About right Not enough 


History of astronomy 
Manned spaceflight 
News 

Planets & the Solar System 
Practical observing guides 
Space exploration 
Troubleshooting advice 
What to see in the night skyO 


ooooo0oo0ooo0o0o00 


] 2 3 

Astronomy education Oo Oo o 
Astronomy on TV/radio O oO Oo 
Astrophotography galleries O o oO 
Astrophotography guides O o oOo 
Book reviews o Oo 
Cosmology oO oO Oo 
Dark sky observing locations O o Oo 
DIY equipment projects oO Oo 
Equipment reviews o o 
Events Oo Oo 
Exoplanets o Oo 
o o 

oO oO 

o o 

Oo o 

Oo o 

o o 

oO oO 

o o 


18. How much did you enjoy this issue of BBC Sky at Night 


Magazine? 
Very much O11 Notvery much 03 
Quite a lot O2 = Notatall o4 


Haven't read this issue yet O 5 (go to question 20) 


19. Listed below, in page order, are the regular sections that 
appear in this issue of BBC Sky at Night Magazine. For each item 
please tick the column that comes closest to your opinion of it. 


PG ARTICLE 

3 Welcome 

45 Contents 

69 Eye on the sky 


1115 bulletin 

14 Cutting edge Chris Lintott 
16 Cutting edge Lewis Dartnell 
19 What's on 

21 A passion for space 

23 Exoplanet excursions 

25 Interactive 

28 30 Hot shots 

48 49 Sky Guide: highlights 
5051 Sky Guide: top three sights 
5253 Sky Guide: the planets 
5455 Sky Guide: all sky charts 


56 57 Sky Guide: deep sky tour 

58 Sky Guide: binocular tour 

59 Sky Guide: moonwatch 

Sky Guide: astrophotography 
Skills: the guide 

Skills: how to 

Skills: image processing 

87 Skills: scope doctor 

89 100 Equipment reviews 

102 103 Books 

104. Gear 

106 = What | Really Want To Know... 


DOOOOOOOOCO0O0COCOOOO0OO0O0O0OO000000 0D — Did notreod 
QOOOOOOOQOOOOOOOOOOOOOOOOOOOD®. Very interesting 
DOOOOOOOOOOOOOOOOOODOODOOOOO0D& BGiite interesting 
QOOOOOOOOOOOOOOOOCOOOOOOOOODS Notvery interesting 


DOODOOOODOOOOOOOCOOOOOCOOOOOOOODs Notatall interesting 


Survey continues over the page > 
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20. Has reading BBC Sky at Night Magazine ever resulted in 
you... (please tick all that apply) 


Buying an advertised product o1 
Buying a reviewed book 2 
Buying a reviewed piece of equipment O3 
Going online for information about a product o4 
Going outside to look at the night sky o5 
Going to a local observing event o6 
Listening to/watching a programme o7 
Staying overnight at a star party o8 
Visiting the magazine's website o9 


21. Which of the following words or phrases would you use 
to describe BBC Sky at Night Magazine? 


Accessible o1 Patronising os 
Boring o2 Up to date o6 
Higher quality o3 Visually stunning a7 
Informative o4 


D. WEBSITES 

22. How often do you visit the BBC Sky at Night 
Magazine website? 

Daily O1 Weeky o2 
Monthly O3 Quvarterly/less often O 4 
Never (go to question 25) O 5 


23. How often do you access the following sections of the 
BBC Sky at Night Magazine website? 
Regularly Occasionally Never 


Astrophoto guides 
Backgrounds 
Beginners’ astronomy guides 
Blogs 

Book reviews 

Bonus content 
Equipment reviews 
Events 

Features 

Forum 

Hotshots gallery 

How to guides 
nteractive astronomy tools 
Magazine 

News 

Observing guides 
Patrick Moore columns 
Photo wall 

Podcasts 

Polls 

Quiz 


HoaaAnAnoOnoOononAoOooOoonoooooOo- 
QOOOOOOOOOOOOOOOOOO0O0O0OnN 
HoaoaoaoonOonoonOoOoOooooooOoooO0e 


24. Which of the following content would you most 
like to see on the website? Please tick one box only 
in each column 


lst preference 2nd preference 


Customisable star maps At ai 
Free ads for second hand kit o2 a2 
More equipment reviews O03 O03 
Practical features o4 o4 
Other (please specify below) O 5 1s es} 


25. Which of these websites do you use regularly? 
Please tick all that apply 


Astrobuyandsell.com/uk 
Astrochat.co.uk 

Cloudynights.com 
Progressiveastroimaginggroup.com 
Sen.com 

Stargazerslounge.com 
UKastroimaging.co.uk 
Discoverwildlife.com 
Sciencefocus.com 


OO0000000 - Daily 
OOOOOOOOOD®P Weekly 
OO0000000 0 ®& Monthly 
OQOOOOOOOOOD® Gauarterly/less often 
OOOOOO0000 © Never 


26. Which of these describes what version of BBC Sky at 
night Magazine you read? 


Paper copy, but knew about digital version o1 
Paper copy, but didn’t know about digital version a2 
Digital version (Go to Q28) 03 


Mix of paper copy and digital versions (Go to Q28) O 4 


27. Are you interested in reading a digital version of BBC Sky 
at Night Magazine on any of the following devices? Please 
select all that apply or the not interested option 


PC/Mac oO1 
e reader o2 
Mobile phone O3 
Tablet, eg iPad o4 
Not interested in reading a digital version 5 


Prize draw terms and conditions 


E. LIFESTYLE 
28. Besides astronomy, which of the following pursuits do 
you enjoy? Please tick all that apply 


Books/reading em 
History o2 
New technology/gadgets Gs 
Science fiction o4 
Walking o5 
Films/DVDs oO6 
Gardening o7 
Meteorology o8 
Photography (general) o9 
Astrophotography O10 
Wildlife photography an 
Travel O12 
Wildlife O13 
Birdwatchng O14 
Other (please specify) .........cccccceseessessesseseeseeeneseeseene m5 
29. How often on , ££ 

a « ee 
average do you...? & € eo 2 

a E oo 9 

Se ae ee ee 

S084 2 ry 

Ss oo = o 6 8 

> 8 8 § 8 8 8 g 

£26266 6 8 

1 2 3 A S 6 7 38 
Watch live TV ooadaandnaood 
Listen to the radio ao bo oe eo 
Visit the cinema [= ie ns ee © 
30. Are you a member of any of these national 
organisations? Please tick all that apply 
British Astronomical Association =i 
Local astronomy society O2 
The National Trust Oo3 
The RSPB o4 
Society for Popular Astronomy o5 
31. Are you interested in tailored astronomy breaks? 
No not interested o1 
Interested but never been on one o2 
Been once before Oo3 
Regularly go on astronomy breaks o4 
32. How interested would you be in going on a holiday/ 
short break to see the Northern Lights? 
Very Interested oO 
Quite interested o2 
Ambivalent o3 
Not very interested o4 
Not at all interested os 
33. Have you ever considered studying an astronomy- 
related subject? 
Evening course oO1 Part time o4 
GCSE o2 Not interested 5 
Online learning Oo3 


34. How interested are you in solar astronomy? 

Very interested 111 Notvery interested O 4 
Quite interested O12 Notatall interested O 5 
Ambivalent o3 


35. Which of the following brands of camera do you own? 
(Please do not include cameras built into other devices, such 
as mobile phones.) 


Canon O11 Fujifilm o5 
Nikon 0 2 Olympus o6 
Panasonic O 3 Samsung o7 
Sony O14 | don’t own a cameraQ 8 
Other (please specify) .........ccececeeseeseeseeseseeeeeeneeeeee o9 
36. Which of the following brands of binoculars do you own? 
Nikon O 1 Carl Zeiss o5 
Swarovski O12 Opticron oO6 
Leica O 3 Bushnell o7 
David Hinds O4 Vixen o8 
Celestron O19 Orion O10 
Other (please specify) .........cccecessesseseeseseeeeeseeeeees o1 
don’t own any binoculars O12 


37. How much is your astronomy and astrophotography 
equipment worth? 
Astronomy Astrophotography 
o1 


Under £500 o1 

£500 £1,000 G2 o2 
£1,001 £2,000 03 O3 
£2,001 £5,000 o4 o4 
Over £5,000 o5 ES: 


38. How much do you intend to spend on telescopes and 
other astronomy equipment in the next year? 

Under £500 o1 £2,001 £5,000 o4 
£500 £1,000 o2 Over £5,000 o5 
£1,001 £2,000 O3 


39. Where are you most likely to buy astronomy equipment? 


High street retailer 1 Mail order O03 
Internet O 2 Specialist retailer o4 
F. ABOUT YOU 

40. Are you: 

Male oO1 Female Hi? 
Al. Are you: 

Married/living with partner 0 1 Single O3 
Divorced/separated 2 Widowed O14 
42. Which age group are you: 

Under 18 O11 46 55 o5 
18 25 o2 56 65 o6 
26 35 O3 66 75 o7 
36 45 o4 Over 75 o8 


43. Please tick your highest educational level: 


O level/GCSE o1 Degree o4 
HNC/HND o2 BTEC o5 
A level O3 Higher degree o6 


44. Which of the following best describes the main wage 
earner’s occupation in your household? (Please select the 
option describing a pre-retirement occupation if retired.) 
High managerial, administrative or professional (eg doctor, 
lawyer, company director, judge, surgeon) oO1 
Intermediate managerial, administrative or professional (eg 
teacher, office manager, junior doctor, bank manager, police 
inspector, accountant) o2 
Supervisor, clerical, junior managerial, administrative or 
professional (eg policeman, nurse, secretary, clerk, 


self employed) O3 
Skilled manual worker (eg mechanic, plumber, electrician, lorry 
driver, train driver) o4 


Semi skilled or unskilled manual worker (eg baggage 
handler, waiter, factory worker, receptionist, labourer, 


gardener) o5 
Housemaker o6 
Unemployed 7 
Student oO8 


45. Is your home: 
Mortgaged o1 
Owned outright O 2 


Rented 03 
Other o4 


46. What is your working status? 
Employed full time oO1 
Employed part time n2 


Not working 0 3 
Retired o4 


47, What is your combined household income? 

Under £20,000 O 1 £50,000 £69,999 O5 
£20,000 £29,999 O 2 £70,000 £99999 O06 
£30,000 £39,999 O 3 £100,000 £149,999 07 
£40,000 £49,999 O 4 £150,000+ oO8 


48. Do you have any children under the age of 18? 
Yes O11 No 1 2 (go to prize draw entry) 


49. What age groups do your children fall into? Please select 
all that apply 


Under 5 years O11 11 14 years o4 
57 years o2 15-17 years o5 
8 10 years O03 


THANK YOU FOR HELPING! 


Thank you for taking the time to complete this questionnaire. If you wish to be included in our free prize draw please remember 
to fill in your name and email address clearly in the space provided below. Please fold your completed questionnaire, then 
address and post the envelope by 15 January 2016 to this very simple address: FREEPOST RESEARCH INSIGHT/BCDP. 

No postcode is required, no postage stamp is required, and please write nothing else on the envelope. Alternatively you can 
complete it online by the same date at www.skyatnightmagazine.com/readersurvey 


*Christopher Ward would like to send you details of their latest offers and promotions by email. Please tick this box if you would like receive these 0. 


Promoter: Immediate Media Company Bristol Limited. Promotion excludes promoter employees, contractors and anyone connected with the promotion or their direct family members. By entering, you agree to be bound by all the rules of the 
promotion. Only one entry per person, per giveaway. Entrants must be aged 18 years or older and a UK resident. No responsibility accepted for lost, delayed, ineligible or fraudulent entries. Winning entries will be chosen at random from 


all eligible entries. The winner will be notified by email within 28 days of closing d 


late. The draw is final and no correspondence will be entered into. For winner's details send an SAE within two months of closing date to BBC Sky at Night 


Magazine reader survey, Immediate Media, Tower House, Fairfax Street, Bristol, BS1 3BN. If a winner is unable to be contacted within one month, the Promoter may redraw or offer in a future promotion. Promoter reserves the right to 
substitute the prize with one of the same or greater value but there is no cash alternative. Entrants’ details will be used in accordance with which can be viewed at: www.immediate.co.uk/privacy-policy 
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Theg., Guide | 
January 


Comet C/2013 US1O Catalina will continue fo climb higher in UK 
skies this month, hopefully just above the threshold of naked-eye 


visibility. Early on New Year's Day the comet will pass close to the 
bright star Arcturus, and this is a fantastic opportunity to track it down. 


. 


Stephen Tonkin’s 
BINOCULAR TOUR 
Turn to Page 58 for six 


of this month's bes+ 
inocular sights 
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PETE LAWRENCE 


PETE LAWRENCE X 7 


Highlights 


Your guide to the night sky this month 


This icon indicates a good photo opportunity 


FRIDAY 
© 2016 gets off to a great start with a 4th-magnitude comet, 
= C/2013 US10 Catalina, just 40 arcminutes from the bright 
orange star Arcturus (Alpha (a) Bodtis) during the early hours. 
With this mag. +0.2 star marking the way, the comet should be easy to find. 


@ A 60%-lit waning gibbous Moon lies 5° east of Jupiter as they 
‘8 are low in the east around 00:00 UT. 


SATURDAY 

It may not feel like it 
outside, but the Earth 
reaches the closest 
point to the Sun in its orbit at 
22:49 UT today, a position 
known as perihelion. 


WEDNESDAY > 

© Early risers can 
see a 14%-lit 

waning crescent Moon, 


mag. -3.9 Venus and mag. +0.9 
Saturn in a line low in the southeast. 


Also this morning, comet C/2013 
US10 Catalina passes 1° east of 
globular cluster NGC 5466 and 
6° east of globular M3. 


FRIDAY > 

Jupiter reaches a 

stationary point and 

appears to reverse 
direction across the sky. Before 
today it was heading east against 
the background stars, but now it 
will exhibit retrograde motion and 
appear to be travelling west. The 
effect is due to the different orbital 
speeds of Jupiter and Earth. 


SATURDAY 

Venus and Saturn 

undergo a very 
close conjunction this 
morning, appearing to be just 6.5 
arcminutes apart at 06:00 UT 
when they'll be low in the 
southeast. At this separation, it 
should be possible to see both 
planets’ discs through a telescope. 
See page 52. 


MONDAY 
Mars appears 
1.5° south of the 
mag. +4.2 star 


Kappa (x) Virginis this morning. 
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< THURSDAY 
Comet 
i) C/2013 
US10 Catalina 
will appear to pass approximately 
5° to the east of the magnificent 
Whirlpool Galaxy, M51, this 
morning. The duo form a right- 
angled triangle wih mag. +1.9 
Alkaid (Eta (n) Ursae Majoris), 
with the star at the right angle. 


FRIDAY 
Venus, 
i) Saturn 
and mag. +1.1 
Antares (Alpha (a) Scorpii) form a 
distinctive triangle low in the 
southeast, visible at 06:30 UT. 


Comet C/2013 US10 Catalina passes 
1.3° east of mag. +1.9 Alkaid (Eta 


SUNDAY 
Comet 
‘o) C/2013 
US10 Catalina 
passes 2.5° to the west of 


the Pinwheel Galaxy, M101, 
this morning. 


WEDNESDAY 
The 

ue) peak of 

the Hyades 


occultation, which started on the 
evening of 19 January, will be a 
lunar occultation of the mag. +0.8 
Aldebaran (Alpha (a) Tauri). From 
the centre of the UK, the star will 
vanish at 03:24 UT, reappearing 
at 03:57 UT. See page 51. 


WEDNESDAY 


ie) The 


(n) Ursae Majoris) this morning. 
85%-lit 


2 i waning gibbous 


Moon and mag. ~2.2 Jupiter will 
be close together as they rise 
around 21:00 UT. Closest 
approach is around 22:30 UT 
when they will appear to be 
separated by a little under 2°. 


SATURDAY 
The 
i) 68%-lit 
waning 
gibbous Moon occults mag. +4.4 
Theta (9) Virginis around 02:50 
UT. Disappearance occurs 
behind the Moon’s bright limb, 
with the star reappearing from 


the dark limb at 03:57 UT. Times 
will vary slightly with location. 


recommend you 


meteor shower reaches 
its peak this evening. This is 
a good shower with a high 
zenithal hourly rate of 120 
meteors per hour. However, as 
clear nights in early January 
tend to be on the cold side, we 


for this one. See page 51. 
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What the team will be 
observing in January 


Pete Lawrence “The Geminid meteor 


SUNDAY > shower is my favourite of the year but 
The annual to see it at its best you need to have the 
Quadrantid 


Moon out of the way. Fortunately, this 
year, that’s exactly what’s going to happen!” 


ey Paul Money “I'll be looking out for the 
eF 


close conjunction between Venus and 
Saturn on January 9th in the morning 

4 7_| sky, when they will also lie not far 
from Antares in Scorpius.” 


- 
7 


wrap up warm 


Chris Bramley “I love the spectacle of the 
Hyades open cluster, so I'm looking 
forward to the drama of the gibbous 
Moon passing through it on the 19th.” 


Need to know 


THURSDAY 
This morning the 
now 8%-lit waning 


crescent Moon, Venus 
| and Saturn form a tight triangle 
| low in the east, that should be 
visible from 06:00 UT. 


12 


for binoculars. 


reaches its highest point in the 
sky around 23:00 UT this 
evening. Located in the foot of 
the twin Castor in Gemini, the 
cluster can be seen with the 
naked eye and is an easy target 


The terms and symbols used in The Sky Guide 
UNIVERSAL TIME (UT) AND BRITISH SUMMER TIME (BST) 


Universal Time (UT) is the standard time used by astronomers around 
the world. British Summer Time (BST) is one hour ahead of UT. 


RA (RIGHT ASCENSION) AND DEC. (DECLINATION) 
These coordinates are the night sky's equivalent of longitude and 
latitude, describing where an object lies on the celestial ‘globe’. 


TUESDAY > 
The magnificent 
open cluster 
known as M35 


HOW TO TELL WHAT EQUIPMENT YOU'LL NEED 


© NAKED EYE 
<4 TUESDAY Allow 20 minutes for your eyes to become dark-adapted 


An 80%-lit 
Eel wanna BINOCULARS 
gibbous Moon 10x50 recommended 
begins to pass in front of the 


southern part of the Hyades open ie) PHOTO OPPORTUNITY 
cluster in Taurus this evening, from Use a CCD, planetary camera or standard DSLR 
about 19:00 UT. See page 51. 


Reflector/SCT under 6 inches, refractor under 4 inches 


SS) SMALL/MEDIUM SCOPE 


31 


Zubenelgenubi. 


mag. +4.3 star TYC 4547-2323-1 
in Draco this morning. This star 
has a red hue that should contrast 
nicely with the comet's coma. 


Mars appears 1. 
of mag. +2.8 Alpha (a) Librae, 


LARGE SCOPE 
{ Reflector/SCT over 6 inches, refractor over 4 inches 


ia! Cetting started 

a pees in astronomy 

—— \'akaamme =f you're new to astronomy, you'll find two 
“ss & a essential reads on our website. Visit http:// 

== SSS yi | om bit.ly/10_Lessons for our 10-step guide to 

i | | 


SUNDAY > 

Comet C/2013 
US10 Catalina 
will be close to 


3° to the north 


getting started and http://bit.ly/First_Tel 
=} for advice on choosing your first scope. 
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Comet C/2013 US1O Catalina 


WHEN: All month, but best from 5-19 January, when the Moon is out of the way 


uy 31 Jan 
A” WYCASA7-2323-1 
o- * 
Polaris 
J 


: 
~ lozenge 4 
: 


. ~ 
e ‘\ NY, 26 Jan 
: , q 
~ Po 


Duthe ly Merak 
%, Plough 
. 
° . % 
e 
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CANES 
VENATICI 


® Cor Caroli 


Comet C/2013 


US10 Catalina 


Y 11 Jon, 


HERCULES 


WESOOIESE. ii 


2 . be Kite 


COMA 
BERENICES 


M3 
® 

UB Nec 5466 * 

6Jan - os 


~ ty | Jan 


Arcturus 
worth 


Comet positions correct for 03:00 UT on date shown; Moon’s interference 


is indicated along the comet track — bright indicates greater interference 


January sees the naked-eye comet trace a path from Arcturus in Bodtes towards TYC4547-2323-1 in Draco 


COMET C/2013 US10 
Catalina’s position in the sky 
improves throughout January, 
albeit accompanied by a slight 
dip in brightness. After 
welcoming in the start of 2016, 
if you're around at 06:00 UT 
on New Year’s morning, the 
comet couldn’t be easier to 
find. On 1 January at this 
time, it will lie 1° south- 
southwest of the bright and 
easy to locate mag. +0.2 star 
Arcturus (Alpha (a) Bodtis). 
A pair of binoculars pointed 
at brilliant orange Arcturus 
should easily have C/2013 
US10 Catalina in the same 
field of view. 

The comet should be 
around mag. +4.5, which will 
make it a viable naked-eye 
target. At this brightness, even 
if your skies are light polluted, 
binoculars should reveal it. 
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After its encounter with 
Arcturus, C/2013 US10 
Catalina heads north, passing 
up the western side of the 
kite-shaped constellation of 
Bodétes. On the morning of the 
6th, it passes approximately 1° 
east of the 9th-magnitude 
globular cluster NGC 5466, 
and about 6° east of the 
6th-magnitude globular M3. 

The requirement to view the 
comet in the early morning 
relaxes throughout the month 
as C/2013 US10 Catalina passes 
the threshold of circumpolar 
declination after 11 January. 
On this date the comet reaches 
a decent altitude of 30° in the 
east-northeast at 01:00 UT and 
continues to climb for the rest 
of the morning. 

It’s worth noting that there 
will be interference froma 
waning Moon during the first 


few days of January but this 
should stop being a nuisance 
for a couple of weeks starting 
from the 5th. After the 19th, 
its influence will once again 
cause problems. 


re 
(©, 


® 
as) 
=) 
‘< 
D 
5 
= 


+ 
Oo 


1 Jan 


1 Feb 


ce NEED TO KNOW 
The zenithal hourly rate of 


a meteor shower is the expected 
number of meteors seen under 
perfect conditions with the radiant 
point of the shower overhead. 


Another wide-field 
photo opportunity occurs 
on 14 January when C/2013 
US10 Catalina, now expected 
to be approaching mag. +5.0, 
passes 5° to the east of the 
Whirlpool Galaxy, M51. At 
02:00 UT on 15 January, the 
comet will be located 1.5° 
to the east of the star normally 
used to navigate to M51, mag. 
+1.9 Eta (yn) Ursae Majoris, 
otherwise known as Alkaid. 

At 23:00 UT on 
16 January, C/2013 US10 
Catalina passes 2° west of 
the face-on spiral known 
as the Pinwheel Galaxy, 
M101. By the end of the 
month the comet is expected 
to have faded towards the 
threshold of naked-eye 
visibility at mag. +6.0. At 
this time it will be located 
relatively close to the North 
Celestial Pole. As dawn 
approaches on the 30th, 
C/2013 US10 Catalina will 
pass the red mag. +4.3 star 
TYC4547-2323-1 in Draco 
by about 7 arcminutes. 


1 Mar 


The comet's brightness drops off quickly as we get further into 2016 
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T@Merelelnies 


WHEN: 3-12 January, peaks on the 
night of the 3rd/4th 


JANUARY 2016 GETS off to a relatively 
good start as far as meteors are 
concerned with the return of the annual 
Quadrantid meteor shower, which peaks 
on the night of the 3rd/4th. 

The actual peak is predicted to occur 
on the morning of the 4th at around 
08:00 UT, so the best viewing window 
is likely to be from around 22:00 UT 
on the 3rd through to dawn on the 4th. 
To further amplify the validity of this 
period, there are suggestions that the 
peak, which with the Quarantids is 
typically sharp and only lasts for a few 
hours, may occur earlier between 22:00 
UT on the 3rd and 02:00 UT on the 4th. 

The radiant position lies to the north 
of Bodtes, in the region between Bodtes, 
Draco and Hercules. The best way to 
visualise it is to extend a line from mag. 
+2.5 Izar (Epsilon (¢) Bo6tis) and mag. 
+3.5 Nekkar (Beta (() Boétis) for about 
three-quarters the distance again. 

Named after the now defunct 
constellation of Quadrans Muralis, the 
Quadrant, the Quadrantid meteor shower 
has a healthy zenithal hourly rate of 120 
meteors per hour. However, this isn’t 
written in stone, with low years producing 


@ Occultation of the 
Hyades and Aldebaran 


Moon state 


4 Jan 
32% waning crescent 
Rises 02:25 UT 


. 


Quadrantids 
radiant 


3/4 Jan 28 Dec 
12 Jan ¥ 


HERCULES 


“CORONA 
BOREALIS 


half that rate, while exceptional displays 
may go up to 600 meteors per hour for 
short periods. The source of the shower 
isn’t absolutely known, with suggestions 
stating that it could be comet 67P/ 
Machholz or more likely from the asteroid 
2003 EH1. This asteroid may be the 
extinct nucleus of the comet C/1490 Y1. 


_ TAURUS 


WHEN: 19-20 January from 19:00 UT 


The Quanrantids meteor 
shower will run from 
28 December into the 
New Year 
CANES 
VENATICI 


COMA 
BERENICES 


BOOTES 


The shower is active from 
28 December to 12 January. The Moon 
will be a 31% lit waning crescent on 
the morning of 4 January, rising around 
02:30 UT. As January doesn’t tend to 
be particularly warm, cold-weather 
clothes are an essential accessory for 
observing the Quadrantids! 


The Moon will hide 
Aldebaran and parts of 
the Hyades in January 


THE MOON WILL occult 
Aldebaran and some of the 
Hyades cluster stars on 19/20 
January. The event starts around 
19:13 UT with a grazing 
occultation of mag. +3.7 Gamma 
(y) Tauri. If you are anywhere 
north of a line running from 
just south of Cambridge to 
just south of Bristol you will 
see a full occultation, but 
those below the line will see a 
near miss. If you're on the line 
you may see the star blink as it 
passes behind the peaks and 
reappears in the troughs on 
the Moon’s edge. Other Hyades 
stars will be occulted later on, 


leading to the disappearance 
of mag. +0.8 Aldebaran at 
03:23 UT. The star reappears 
at 03:57 UT. 

The Moon’s proximity to 


Earth will cause its position to 


shift in the sky relative to the 
stars depending on your 
location. The times given are 
for the centre of the UK and 
may vary for those elsewhere. 
The Moon will be exhibiting 
an 80%-lit waxing gibbous 
phase at this time so 
occultation disappearances 
will occur behind the Moon’s 
dark limb and reappearances 
from behind its bright limb. 


Hyades 


eo, 

20 Jan 

00:49 UT Micon 
19 Jan 

22:22 UT 


19 Jan 


75 23:52 UT 19 Jan 


HIP21029 19:28 UT* 


Star Disappearance (UT) 
y Touri* 19:13 

70 Tauri 

6! Tauri 
HIP 21029 
Aldebaran 


Reappearance (UT) 
19:43 


PERS) 
00:36 
01:51 
03:57 


22:22 
00:05 
00:49 
03:23 


* Tauri undergoes a grazing occultation, visible on a line from just south of Cambridge to just south 
of Bristol. Anywhere north of this line will see a full occultation, anywhere south will see a near miss. 


All times are to the nearest minute for the centre of the UK. Times may vary by a few minutes depending 
on location. Observe at least 15 minutes earlier than indicated to ensure a view. 
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The planets 


VENUS 
BEST TIME TO SEE: 1 January 07:30 UT 
ALTITUDE: 13° 


LOCATION: Scorpius 

DIRECTION: South-southeast 
FEATURES: Phase, subtle disc shadings 
EQUIPMENT: 3-inch or larger telescope 


VENUS IS A BRIGHT beacon in the 
morning sky. At the start of January it 
rises at around 05:15 UT, approximately 
three hours before the Sun. The Sun is 
moving through the southerly 
constellations of Sagittarius and 
Capricornus this month and Venus, never 
being that far from the Sun, is following 
suit slightly farther to the west. This 
means that the planet will be low in the 
sky and, despite having a decent 
separation from the Sun, will start 
hugging the southeast horizon before 
sunrise, making it that bit harder to see 
towards the end of January. 

Venus shines away at mag. —4.0 all 
month, making it the third-brightest 
natural object in the sky. Through a 
telescope, its phase increases from 
77%-lit at the start of January to 
84%-lit at the end. Its size will reduce 
slightly too over this period from 
14 to 12 arcseconds. 

There’s an impressively close meeting 
between Venus and Saturn on the 
morning of 9 January. The closest 


SERPENS 
CAPUT 


e OPHIUCHUS 


é6Jan 


SERPENS 
CAUDA 


* SCORPIUS 


Venus is at its highest at the start of the month, slipping lower and lower as January progresses 


line-of-sight approach occurs around 
04:00 UT, when they will be below the 
horizon; at this time they'll appear 
separated by 5 arcminutes. By the time 
they rise above the southeast horizon 
around 05:45 UT, Venus will have moved 
eastward slightly, increasing the apparent 
gap to 6.5 arcminutes. To put this in 
context, 6.5 arcminutes is a little over 
one-fifth of the apparent diameter of the 
Moon. This means that it should be 
perfectly possible to get both planets in 
one eyepiece view and see them as discs 
rather than simple star-like dots. 

The longer you leave them to climb 
above the horizon, the more the 
separation will increase. By 07:00 UT, 
they will appear 9 arcminutes apart 
but, approaching an altitude of 9°, Saturn 
should also appear slightly more stable 
through the eyepiece. 


Simulated telescopic view of how Venus and 
Saturn will look through a telescope on the 9th 


@ THE PLANETS IN JANUARY 


The phase and relative sizes of the planets this month. Each planet is shown with south at the top, to show its orientation through a telescope 


VENUS 
15 January 

MERCURY 

1 January 

MERCURY 

15 January ~ 
MERCURY 

31 January 
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MARS 
15 January 


JUPITER 
15 January 


—_~ 


SATURN 
15 January 


URANUS 
15 January 


NEPTUNE 
15 January 


0” 10” 20” 30” 40” 


ARCSECONDS 


50” 60” 


JUPITER 

BEST TIME TO SEE: 

31 January, 03:00 UT 
ALTITUDE: 41° 

LOCATION: Leo 

DIRECTION: South 

Jupiter is a morning planet, 
but sufficiently far from the 
Sun to reach its highest point, 
due south, in darkness all 
month. As Big Ben rings in the 
New Year, a 60%-lit waning 
gibbous Moon sits 4.5° east of 
Jupiter, as they rise in the east. 
Viewed through a telescope, 
Jupiter’s flattened disc shows 
atmospheric belts as well as 
the Great Red Spot. There’s 
another encounter between 
Jupiter and the Moon on 

27 January. As they rise above 
the eastern horizon at around 
21:00 UT, they'll be separated 
by 2° centre to centre. 


MARS 

BEST TIME TO SEE: 

31 January, 07:00 UT 
ALTITUDE: 22° 

LOCATION: Libra 
DIRECTION: South 

Mars is located 6° east and 
slightly north of Alpha (a) 
Virginis on 1 January. It 
reaches its highest point due 
south in reasonably dark skies 
from mid-month onwards. 
The waning gibbous Moon 
swaps sides around Mars on 
the 3rd and 4th. On the Ist, 
Mars appears 5.6 arcseconds 
across, with a phase of 91%. 
By month end its apparent 
diameter is 7 arcseconds with 
a 90% phase. Visually, Mars is 
also starting to get brighter. 
On 1 January it is mag. +1.3, 
brightening to mag. +0.8 

by the 31st. On 31 January, 
the planet is 1.3° north of 
mag. +2.8 Zubenelgenubi 
(Alpha (cq) Librae). 


MERCURY 

BEST TIME TO SEE: 

1 January, 16:30 UT 
ALTITUDE: 7° 
LOCATION: Sagittarius 
DIRECTION: Southwest 


Mercury starts January as an 


evening object, shining at 
mag. —0.3, just above the 
southwest horizon, setting 

90 minutes after the Sun. It 
reaches inferior conjunction 
on the 14th. The planet 
reappears in the morning sky, 
visible low down in the 
southeast before sunrise. It 


rises about 90 minutes before 
the Sun on the 31st, when it'll 
be 7.5° to the east of Venus 

and shining away at mag. 0.0. 


URANUS 

BEST TIME TO SEE: 

1 January, 18:30 UT 
ALTITUDE: 42° 

LOCATION: Pisces 
DIRECTION: South 

Mag. +5.8 Uranus is an 
evening object 2° south of 
Epsilon (¢) Pisctum on New 
Year’s Day. The planet is losing 
altitude as darkness falls by 
the end of the month. 


SATURN 

BEST TIME TO SEE: 

31 January, 06:30 UT 
ALTITUDE: 11° 

LOCATION: Ophiuchus 
DIRECTION: South-southeast 
All the bright planets are in 
the morning sky this month 
and Saturn is no exception. 
The best strategy for seeing 
the Ringed Planet is to wait 
until the morning sky starts 
to brighten. Although still low 
at this time, Saturn’s increased 
altitude should give youa 
steadier view. Watch out for 
the close conjunction between 
Saturn and Venus that occurs 
on 9 January. 


NEPTUNE 

BEST TIME TO SEE: 

1 January, 18:00 UT 
ALTITUDE: 23° 

LOCATION: Aquarius 
DIRECTION: South-southwest 
Neptune is an evening 

object, but past its best for 
the current period of 
observation. At the end of the 
month the 8th-magnitude 
planet is only 8° up in the 
southwest as darkness falls. 


Planetary observing forms 
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ve 


JUPITER’S MOONS 


January 


Using a small scope you'll be able to spot Jupiter’s biggest moons. 
Their positions change dramatically during the month, as shown on 
the diagram. The line by each date on the left represents 00:00 UT. 
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WHEN TO USE THIS CHART 


KEY lO 
1 JANUARY AT 00:00 UT } = 
SE Ce 1s JANUARY AT 23:00 UT ey 


STAR NAME 31 JANUARY AT 22:00 UT 


PERSEUS CONSTELLATION On other dates, stars will be in slightly different places ‘6 
NAME due to Earth's orbital motion. Stars that cross the sky ce 
oOo GALAXY will set in the west four minutes earlier each night. ot 0 
co” RR 0 : 
tt ose OPEN CLUSTER 
: HOW TO USE THIS CHART eee 
<7) Forint : 1. HOLD THE CHART so the direction you're facing RS Y eS 
is at the bottom. oO” ret : 
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PATH : 
THE SUN IN JANUARY* 
A METEOR DATE SUNRISE SUNSET 
RADIANT 


1 Jan 2015 08:25 UT 16:01 UT 
I] Jan 2015 = 08:21 UT 16:14 UT 
ASTERISM 21 Jan 2015 08:11 UT 16:31 UT 
31 Jan 2015 = 07:57 UT 16:49 UT 


arise THE MOON IN JANUARY* 


QUASAR MOONRISE TIMES 

1 Jan 2015, -—:-— UT 17 Jan 2015, 11:42 UT 
STAR BRIGHTNESS: 5 Jan 2015, 03:24 UT 21 Jan 2015, 14:25 UT 
MAG. 0 9 Jan 2015, 07:21 UT 25 Jan 2015, 18:39 UT 
& BRIGHTER 13 Jan 2015, 09:53 UT 29 Jan 2015, 23:01 UT 


MAG. +1 “Times correct for the centre of the UK 
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Paul and 
Pete’s Virtual 
Planetarium 
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THIS DEEP-SKY TOUR HAS BEEN AUTOMATED 
ASCOM-enabled Go-To mounts can take you to this month’s 


A collection of clusters come into view this 
month to provide a fascinating range of sights 


[M Tick the box when you've seen each one 


’ At the centre of the 
Rosette Nebula lies the 
+, open cluster NGC 2244 


NGC 2244 

NGC 2244 is the open cluster located at the 

centre of the Rosette Nebula. It’s visible with 
binoculars but a telescope is needed to bring out 
detail. A 6-inch scope shows about 30 stars, with 
six of these forming two parallel lines of three in the 
middle. The cluster is about 50 lightyears across 
and contains two massive stars. Innocuous-looking 
HD 46223 marks the southwest corner of the main 
pattern of six stars in NGC 2244 and is estimated 
to be 400,000x brighter than the Sun and 50x as 
massive. Nearby HD 46150 is estimated to be even 
larger at 60x the mass of the Sun and 450,000x 
as bright. 1 SEEN IT 


THE ROSETTE NEBULA 


The Rosette Nebula is a beautiful, almost 
© circular nebula complex surrounding 
NGC 2244. It’s a large object described by the 
multiple NGC numbers: 2237, 2238, 2239 and 2246. 
NGC 2237 is sometimes used as a label for the 
Rosette. Despite its mag. +9.0 listing, the Rosette is a 
tricky object as its large 80x60-arcminute size creates 
low surface brightness. The use of a UHC or Olll filter 
is highly recommended. An Olll filter will create the 
greatest contrast but a UHC filter will show the most 
nebulosity. Holding a UHC filter up in front of just your 
eye should make the nebula stand out too. 1] SEEN IT 
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targets at the touch of a button, with our Deep-Sky Tour file 
cep _ S y our for the EQTOUR app. See this month's bonus content. 


COLLINDER 107 


Measuring 0.5° across, Collinder 107 is a 

large open cluster located just over 1° to the 
east of NGC 2244. Collinder 107 shares its location 
with Collinder 104, another cluster touching its 
boundary to the west. Both objects struggle to make 
themselves seen above the rich Milky Way background 
in this part of the sky. Collinder 107 appears like a 
distorted ring of stars with clumps in sections of the 
ring. Approximately 30 stars are visible under low 
power, ranging from mag. +6.0 to +11.0. A right- 
angled pattern of three stars in the southeast of the 
cluster works together with a nearby mag. +6.5 star 
to form a distinctive L-shaped pattern. L] SEEN IT 


COLLINDER 106 


Open cluster Collinder 106 lies about 1° north 

of Collinder 107. Its member stars are arranged 
more linearly, in a central line running mostly north- 
south. Surprisingly, despite looking more like a 
regular cluster, this centralised arrangement works 
against Collinder 106 as it makes the cluster even 
harder to pick out from the background Milky Way. 
The brightest star is HD 47129, also known as 
Plaskett’s Star, a spectroscopic binary consisting of 
two hot giants, each 50 times more massive than 
the Sun and orbiting one another at a distance of 
80 million km; roughly half the Earth-Sun distance. 
Remarkably, the orbital period of these immense 
objects is just 14.414 days! C1] SEEN IT 


NGC 2252 


Open cluster NGC 2252 sits on the northeast 
SS edge of the Rosette Nebula, at the mid-point 
of a line drawn between the centres of Collinder 106 
and NGC 2244. One end of a distinctive, flattened- 
trapezium shape at the top of the Rosette connects 
to it. This cluster is often described as appearing like 
a lower case Greek lambda (A), a shape that small 
telescopes bring out well. A 6-inch scope shows about 
18 stars forming the lambda. Low magnifications work 
best here, as high ones tend to look through the 
pattern. There's a lovely arc of stars coming out of the 
northeast of NGC 2244, which appears to blend in 
with top and west leg of the lambda. [1 SEEN IT 


NGC 2236 


NGC 2236, yet another open cluster, lies 

approximately 2° to the west of Collinder 106. 
A 6-inch scope shows it as a hazy patch with an 
11th-magnitude star at its centre. Upping the aperture 
to 8 inches will start to resolve the patch. The haze 
represents the bulk of the cluster, a large collection 
of 13th-magnitude or fainter stars spread across a 
circular area roughly 7 arcminutes across. At 150x 
magnification, the region looks decidedly granular, 
but there’s no obvious concentration towards its centre. 
A 12-inch scope shows the cluster to take on the shape 
of a southeast pointing triangle. 1 SEEN IT 


Print out this chart and take 
an automated Go-To tour 


CHART: PETE LAWRENCE, PHOTO: HORST ZIEGLER/CCDGUIDE.COM 
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If January does bring rain, as least you can 
get an exquisite view of the Orion Nebula 


With 
Stephen Tonkin 


i, COLLINDER 70 

Our first object this month is Collinder 70, 

the cluster that nearly everybody has 
seen and yet almost nobody recognises: it’s the 
cluster that includes the belt stars of Orion. On 
a clear night, you should be able to see 70-80 
stars, some forming beautiful curving chains, in 
this magnificent oval cluster. They‘re mostly 
blue-white stars, with a few yellow ones here 
and there. They form lots of pairs and some 
beautiful curved chains, in particular the 
S-shaped chain of brighter stars that weaves its 
way between Alnilam (Epsilon (2) Orionis) and 
Mintaka (Delta (8) Orionis). C1 SEEN IT 


& SIGMA ORIONIS 


Sigma (o) Orionis is visible to the naked 

eye as a mag. +3.8 star about 1° to the 
southeast of mag. +1.9 Alnitak (Zeta (¢) Orionis), 
the easternmost star of Orion’s Belt. It is in fact 
a multiple star consisting of five components, 
four of which can be seen visually. You should 
easily be able to split it into two components 
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[MH Tick the box when you've seen each one 


with 10x50 binoculars and see the blue star 
that is 43 arcseconds from the white primary, 
but you will need double the magnification to 
resolve the next two components. CL] SEEN IT 


8 THE ORION NEBULA 

PM The Orion Nebula, M42, is a highlight of 

IY the winter skies and a superb object in 
binoculars of any size. It’s visible to the naked 
eye as the central star of Orion's sword. Although 
it’s bright enough to be visible in quite poor 
conditions, it’s sensitive to sky transparency and 
is usually best observed after rain has cleaned 
the sky of dust, when you should easily make 
out the ‘fish’s mouth’ and the ‘wings’. M42 benefits 
from patience; the longer you look at it, the 
more detail you'll be able to see. 1] SEEN IT 


4 HIND’S CRIMSON STAR 


EP Hind’s Crimson Star, or R Leporis, is the 

W reddest star in the heavens. It's a Mira- 

type variable with a period of 457 days, and 
is near its maximum, so should be easily visible 


in January evenings. Its redness is deepened by 
large amounts of soot in its atmosphere, as it 
absorbs shorter wavelengths of the visual 
spectrum. Once you've located it, you could 
observe it over the coming months and see if 
you can detect any of the expected deeper 
reddening as the star dims. L) SEEN IT 


& GAMMA LEPORIS 


» Gamma (y) Leporis is visible to the naked 
eye at mag. +3.6. This is a double star, 

with the fainter (mag. +6.1) component an 
easy split in binoculars, being just over 1.5 
arcminutes to the north. This pair of stars is only 
29 lightyears away and the primary three times 
as bright as the Sun. The fainter companion, 
AK Leporis, is more interesting from an 
astrophysical point of view: it’s a BY Draconis- 
type of variable star, the magnitude of which 
varies with a period of about 17 days as star 
spots rotate across its surface. C] SEEN IT 


6 M41 

P, M41 is 4° south of Sirius (Alpha (a) Canis 
SV Majoris). This open cluster is bright enough 
to be visible to the naked eye in a transparent 
sky, and has been known since antiquity. It’s 
large enough to be an obvious cluster of stars in 
10x50 binoculars. From a rural site, you should 
be able to resolve up to 10 brighter stars 
against the background glow of fainter stars if 
you use averted vision. If the sky is clear 
enough, you may be able to detect that the 
stars differ in colour, with the brightest one, 
near the centre, being yellowish. L SEEN IT 


Moonwatch 


Lacus Mortis 


THE RATHER MORBIDLY 
named Lacus Mortis, or Lake 
of Death, lies in the northeast 
quadrant of the Moon, 243km 
to the west of the distinctive 
70km-crater Hercules. It covers 
an area of 34,000km/’, which is 
about one and a half times the 
area of Wales. But despite its 
rather dark name, the Lacus 
Mortis region is full of 
fascinating features to take 
your time over and study well. 

It’s an interesting feature 
that could be a crater or simply 
a depressed region of the Moon 
flooded with lava. Its shape 
appears to be polygonal rather 
than circular or elliptical, 
and the straight runs of the 
boundary wall are a distinctive 
characteristic. The floor of 
the region is relatively smooth 
save for some impressive rilles 
in the western half. 

The smoothness is disturbed 
by the imposing presence of 


\ 


40km Biirg, a rather splendid, 
terraced crater that sits slightly 
southeast of centre, inside 
Lacus Mortis. Ejecta from 
Biirg dominates the eastern 
half of the lake, with ejecta 
ridges appearing to connect 
to the lake’s boundary. At 
certain illuminations it 
looks like Biirg sits at a 
centre of a delicate lava web 
crossing the lake’s floor. 

Biirg itself is a classic crater. 
It has raised terraced walls that 
tower to a height of around 
2km. These lead down to a 
smallish flat floor that is 
dominated by an impressive 
central mountain complex. 
There are several interesting 
rilles visible to the west and 
northwest of Biirg, known 
as Rimae Biirg. A prominent 
east-west rille appears to be a 
graben, a region of the lunar 
surface that has dropped, 
forming something that 


LACUS MORTIS 


BURG 


VPPUANAC! 
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STATISTICS 


TYPE: Lunar lake 

SIZE: 150km across 

AGE: 3.92-4.55 billion years 
LOCATION: Latitude 45.1°N, 
longitude 27.3°E 

BEST TIME TO OBSERVE: 


Five days after new Moon 
or four days after full 
Moon (14-15 January 
and 27-28 January) 
MINIMUM EQUIPMENT: 


10x binoculars 


4 


» 


Oe 


“Tt could be a crater 
or simply a depressed 
region flooded with lava” 


resembles a road across the 
surface of Lacus Mortis. 

A more north-south oriented 
rille appears to cross the east- 
west one, close to a point 
marked by a pair of 2km 
craterlets. The north-south rille 
changes in nature as it heads 
south, appearing as a ridge 
rather than a crack. An old 
name for this feature was Rupes 
Biirg, or the Biirg Fault. Many 


The 40km-wide crater Birg 
dominates the otherwise flat 
area of the Lacus Mortis 


HERCULES 


smaller and, consequently, 
harder-to-see rilles can also be 
seen in the northern part of 
Lacus Mortis when observing 
conditions are good. 

If you have a high-resolution 
imaging setup and fancy a 
challenge, there’s a pair of tiny 
1.5km features marked on our 
main image. These are thought 
to be volcanoes located close to 
where Rimae Biirg touches the 
edge of Lacus Mortis — see if 
you can image them. 

To the south of the lake lie 
two similar-sized craters that 
look distinctly different to 
Biirg. The western one is 45km- 
wide Plana. Its rugged wall 
surrounds a lava-filled floor 
that’s relatively flat except for 
the pockmarks of small 
craterlets and a central 
mountain. A round, 14km- 
diameter crater known as Plana 
C touches Plana’s wall to the 
north and falls within the 
boundary of Lacus Mortis. 

Next to Plana is the 43km- 
wide Mason. Both craters are 
separated by a small, rugged 
mountainous region that casts 
dramatic shadows across the 
floor of Plana when the 
terminator is close during the 
Moon’s waxing phase, or across 
the floor of Mason when the 
terminator is close during the 
waning phase. 
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ALL PICTURES: PETE LAWRENCE 


Astrophotography 


Capturing comet C/2013 USIO Catalina 


RECOMMENDED EQUIPMENT 


DSLR, equatorial tracking mount, remote shutter release 


COMETS CAN BE exciting objects to 
image. Compared to the static subjects of 
the deep sky, or slowly changing planets, 
the dynamic nature of a comet makes it 
quite a catch. Most comets in the night 
sky are dim and pass among the stars 
mostly unnoticed unless you're specifically 
looking for them. Occasionally one will 
have an orbit or activity profile that 
makes it appear relatively bright. More 
often than not, such comets are located 
in awkward sky locations, close to the 
Sun and low down in either the evening 
or dawn twilight. 

Fortunately, C/2013 US10 Catalina 
should be a bright comet passing up into 
a good location, well away from the 
horizon. The term bright is being used 
here to indicate that Catalina should 
be visible to the naked eye and should 
hopefully remain so right through 
to the end of the month. 

This word is often misinterpreted with 
comets. Although describing a comet as 
‘bright’ may suggest an object capable of 
casting shadows, the rarity of a comet 
that brightens beyond the mag. +6.0 
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C/2013 US10 Catalina should 
be bright and well away from 
the horizon in January 


threshold to naked-eye visibility is 
enough to label it as such. 

Certainly, being brighter than mag. 
+6.0 is excellent as far as a camera sensor 
is concerned, so armed with a DSLR, 
Catalina should make for a fascinating 
target to start the year off. 

As a comet moves along its orbit, it 
appears to move relative to the stars. So 
unless you have a sophisticated tracking 
setup that allows you to autoguide on the 
comet’s head, taking a long exposure of 
it using an equatorial mount may result 
in the comet showing motion blur. 

The way around this is to keep 
exposures relatively short so the comet 
doesn’t have a chance to move very far. 

A medium- to wide-field lens provides an 
opportunity to obtain a shot from a static 
tripod. Just ensure that the exposure is 
kept to below 500/fl seconds, where ‘fl’ 

is the focal length of the lens being used 
in millimetres. Go above this figure and 
star trailing may become noticeable. 


KEY TECHNIQUE 


MORE DETAIL AND LESS BLUR 


A bright comet can be imaged with 

short exposures. For equatorial mounts 
tracking with the stars, a long exposure 
tends to produce sharp stars but a blurred 
comet. Short exposures reduce this effect 
and also forgive many polar alignment or 
drive issues. As the comet passes some 
attractive deep-sky objects in January, a 
wide-field setup will be required for some 
of the passes. This not only alleviates 
motion blurring and tracking issues but 
also allows you to increase exposure 
times to catch extra detail. 


If you manage to capture a series of 
images, it’s then possible to stack these 
together and pull out more detail from 
the comet. When a set of images is 
stacked using the comet’s head as a 
common registration point, the 
background stars will appear as streaks. 
Advanced techniques using high-end 
software such as PixInsight can also 
be applied to the images to produce a 
sharp shot of the comet against the 
background of a crisp star field. 

The basic principle at work here is that 
two different types of registration and 
stacking are being carried out. One is 
done on the stars at the expense of the 
comet, while in the other the fixes are 
done on the comet at the expense of the 
stars. The comet stack is done in such 
a way as to remove the ‘moving’ stars 
(relative to the comet) as noise, leaving 
just the comet’s image. The two results 
may then be merged together selecting 
the stars from the star aligned stack 
by the use of a mask. The end result is 
a lovely sharp comet combined with a 
crisp star background. 

Whatever approach you decide to take 
for capturing your own shots of Catalina, 
it’s definitely worth putting the effort in 
to catch one of nature’s most photogenic 
celestial visitors — especially considering 
that we don’t know when the next really 
bright comet will come along! 


DX] Send your image to: hotshots @ skyatnightmagazine.com 


STEP 1 The focal length of the lens or telescope and the size of 
your camera’s sensor determines the area of sky covered. For the 
wide passes of deep-sky objects, the widest of which is the pass of 
globular cluster M3 on 6 January, an 200mm or shorter focal length 
lens on a non-full frame DSLR should get the pair in shot. 


STEP 3 For the flat fields, take at least nine shots of an evenly 
illuminated light source. This can be done by shooting a blue sky and 
converting to monochrome. Alternatively, several layers of white cloth 
stretched across the lens and evenly illuminated works too. Check the 
histogram, adjusting exposure so it peaks around 60-70 per cent. 
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STEP 2 

Set the camera’s 
ISO to 800-1600, 
open the lens 
fully and focus 
accurately on a 
bright star using 
the cameras live 
view screen. Take 
a 30-second 
exposure and 
examine it. If it 
all looks okay, 
continue to take 
at least 25 shots 
of the comet. Then 
take at least nine 
shots using the same 
settings with the 
lens cap fitted. 
These will be your 
dark frames. 


Regete checked pactares 
Compute offaets... 


Sack checked pctares... 


STEP 4 Use DeepSkyStacker (http://deepskystacker.free.fr/english/ 
index.html) to process your comet images. Click on Open Picture Files 
to load your photos, then Dark Files and Flat Files, loading your 
respective dark and flat frames. Click Check All and work down the 
list of light frames, unchecking any you want to reject. 


| Redut Comet | Light Alignment | Intermediate Files Cosmetic | Output 
' j 
Comet. stackingparameters 


Standard Stacking 


Comet position is ignored 
The comet will be fuzzy 


Comet Stacking 

Comet postion is used 

The comet will be sharp and the stars 
wil have trails 


® Stars + Comet Stacking 


Comet position is used. 
The comet and the stars will be sharp 
This process is twice longer. 


Temporary Files Folder: K:\Users Pete \AppData\Local\Temp\ 


| Cancel 
Redure worker threads nriority 


STEP 5 Click Register Checked Pictures and deselect Stack After 
Registering. Select the first image and click on the comet icon (circled). 
Click on the comet's head (holding down the shift key as you move the 
mouse helps to align it). Repeat for all light frames. Click Stack Checked 
Pictures then the Stacking Mode setting and select the Comet tab. 


STEP 6 Select which of the three comet stacking options you want 
then click OK in the stacking window and let the process run. The final 
image will be your registered and stacked comet shot. Open in an 
editor and tweak as required. Start by opening the levels control and 
adjust the black and white points to encompass the main histogram 
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SPACE 


This year Stargazing LIVE goes big, 
but just how big can the Universe gete 


_. The Tarantula Nebula would 

cover an area the size of 60 full 
. Moons and cast’shadows if it were’. 
* located where the Orion Nebula is 


pace is vast. Imagining how vast 
the Universe is can sometimes be 
mindboggling, even for some of the most 
modest of objects. There ate some that 
are truly huge, but what are the biggest of the big? 
Thousands of potential exoplanets have been 
discovered in the past few years. The largest are 
Jupiter-like gas. giants, and the biggest of these is 
HAT-P-32b in Andfomeda. Its radius is around 
twice that of Jupiter, yet its mass is slightly lower. « 
“HAT-P-32b is a hot Jupiter, a type of close-in 
giant gaseous planet,” says Ming Zhao, a research 
associate in the Department of Astronomy and 
Astrophysics at Pennsylvania State University. The 


planet only orbits at 0.034 AU from its host star, 


one-tenth the radius of Mercury’s. “It experiences 
scorching irradiation and has a temperature of 
nearly 1,800°C. This bloats its size.” 


Twinkle twinkle, giant star 
When we up the scale a notch and look at the - 
largest stars, there are several contenders. : 
Hypergiant UY Scuti is thought to measure in at 
over 1,700 times the radius of the Sun, but there 
is a lot of variation as the star grows and shrinks 
over a 740-day cycle. NML Cygni isn’t far behind 
at 1,642 solar radii, its enormous size caused 
by the 50 Earth masses of gas it loses every year 
creating a shroud around it, ballooning it toan 
enormous size. It varies over a 940-day window. 

Whichever is truly in the lead, itis unlikely to 
remain there for long. These stars are in the later 
stages of their lives and have at most a few million 
years left before they go supernova, leaving behind 
a glorious nebula. These collections of gas and 
dust can be found throughout our Galaxy, though 
the largest one we know of lies beyond it, 160,000 
lightyears away in the Large Magellanic Cloud. 

The Tarantula Nebula is an enormous HII 
region 600 lightyears across. If it were to swap 
places with the much closer Orion Nebula it would 
cover the same sky area as 60 full Moons and be 
bright enough to cast shadows. The nebula houses 
the super star cluster R136, home to some of the 
most massive and brightest known stars, which 
cause this glorious nebula. 

However, when we look at the largest entrants at 
the next notch on the cosmic size scale, galaxies, 
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PUSHING THE LIMITS 


As vast as the Universe is, sometimes 
objects test the limits of what can grow 


For all the titans we have found in our Universe, 
could there be a bigger monster out there? Limits 
on physical diameter can be hard to pin down, as 
mass, temperature, composition and age all play 
into their size. However, their masses are much 
more constrained. 

For a planet the limit is a matter of definition: 
when does a big planet become a small star? 

“The mass boundary between a gas giant and 
a brown dwarf is around 13 Jupiter masses. Below 
this limit an object would not be hot enough to 
burn deuterium, which is the point it becomes a 
star,” says Ming Zhao. 

Similiarly for stars, there is a point at which their 
mass can become too great. Stars balance gravity 
crushing in and the outward pressure produced 
during fusion. This balancing act is stable until 
around 150 solar masses in the current Universe. 

But there are some stars that break this limit, 
such as R136al, weighing in at 256 solar masses. 
Researchers are unsure how this is possible, but the 
current theory is that the star didn’t form this way. 
Instead, two stars merged together. The bigger a 
star is the shorter its life, however, and before long 
this star will explode into a spectacular supernova. 


At twice the radius of Jupiter, HAT-P-32b 
is the largest exoplanet we have so far 
discovered and orbits very close to its star 


IC 1101 dwarfs galaxies M87, 
Andromeda and the Milky Way 


Andromeda Milky 
M87 Galaxy § Way 


IC 1101 


it’s unlikely they'll have any impressive nebulae 
at all. The largest of galaxies are ellipticals, huge 
collections of stars that form when two or more 


smaller galaxies collide and merge together, R136al is thought to be so 
stripping out all the gas and dust in the process. NEED TO large because it is om of two 
The largest known elliptical galaxy is IC 1101 KNO \ \ / stars which merged together 
in Virgo. At 5.8 million lightyears across it’s over 
50 times the diameter of the Milky Way. Made up 1 ASTRONOMICAL was half as old as it is now, but for its time it is the 
of 100 trillion stars, it would swamp not only the UNIT = 150 million most extreme,” says Prof Jack Hughes from Rutgers 
Milky Way, but also encompass the Andromeda km (distance from University. While the beast of a cluster is so large 
Galaxy and much of the Local Group too. the Earth to the Sun) 
Though galaxies are the largest things you can 1 SOLAR RADIUS = 
look at through a telescope and recognise, there 695,000km (distance 
: from the edge of the 
are structures that are larger still. Galaxies clump Sunitoutecentrel 
together into clusters, and the most extreme that’s 


it is difficult to estimate its size, it is thought to be 
between 10-30 million lightyears in diameter. 
“Tf you look at what we expect the mass of clusters 
to be at that distance, El Gordo is close to the limit 
1 LIGHTYEAR = of what we would expect to find over the whole sky: 
currently known is El Gordo or ‘the fat one’. 9 trillion km (distance a one-off object in the Universe,” says Hughes. 
“Over the life of the Universe, galaxy clusters light travels in a year) As it is over eight billion lightyears away, we 
grow. El Gordo is from a time when the Universe are looking at it as it was eight billion years > 


Jupiter UY Scuti 


excury 
< 


f) 


The Sun 
(to scale) 


The Sun 


ISTOCK X 3, DAVID A. AGUILAR/HARVARD-SMITHSONIAN CENTER FOR 


ASTROPHYSICS X 2, MARK GARLICK/SCIENCE PHOTO LIBRARY 


4 If our Sun were to be replaced by the red hypergiant UY Scuti, a massive 16 AU across, the star’s edge would reach past the orbit of Jupiter 
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COLLABORATION/ROSAT/DIGITISED SKY SURVEY, ESA AND THE PLANCK COLLABORATION 


NASA/ESA AND J. JEE (UNIVERSITY OF CALIFORNIA/DAVIS), ESA & PLANCK 
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> ago. Though clusters we see in the nearby 
Universe are larger, after several billion years of 
evolution El Gordo will have grown to become 
a huge behemoth. But even these galaxy clusters 
aren't the biggest things in the Universe. 


Cosmic web 


El Gordo, aka ACT-CL 
J0102-4915, is the largest 
galaxy cluster yet seen 


4 The huge Shapley 
supercluster lies in the 
direction of Centaurus 


Superclusters, formed of several galaxy clusters, are 
the largest gravitationally bound objects that we 
know about. The Shapley supercluster is thought 

to be the largest at around 650 million lightyears, 


HIDDEN IN ‘THE DARK 


While there are some huge structures to see in the Universe, some of the biggest are invisible 


IF you look within our Solar System 

the largest object is the Sun, but its 
influence is felt far beyond its surface. 
As well as keeping the planets in 

check with gravity, the Sun has a huge 
magnetic field, so large that the Voyager 
probes only reached its edge after 

35 years of travelling. 

On larger scales, galaxies are far 
greater than they appear to our eyes. It’s 
believed that 95 per cent of the Milky 
Way is made of invisible dark matter, 
extending out in a great mass known as 
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a halo. Exactly how far out these haloes 
go is impossible to measure, and we 
only know of their presence by the way 
galaxies spin. 

But one of the biggest structures out 


there isn’t dark, or even luminous, matter. 


It's made of nothing. When the Planck 
satellite confirmed the presence of a 
cold patch in the cosmic microwave 
background radiation, researchers 
realised they had found a giant void, the 
Eridanus Supervoid, one of the largest 
structures in the observable Universe. 


while the Laniakea supercluster (which contains 
the Milky Way and therefore us) is not far behind 
at 520 million lightyears. 

These are the largest objects that we currently 
know of. But Shapley and Laniakea are heading 
towards each other. Are these two becoming part of 
a larger structure still? The Cosmic Web is thought 
to be a great network of clusters, linked with 
filaments of dark matter and with galaxies studded 
throughout. These filaments form giant walls: the 
Hercules-Corona Borealis Great Wall, for example, 
measures between six and 18 billion lightyears in 
length. It’s so large that it’s thought to push the 
limits of how big something can be, breaking the 
cosmic size limit or the cosmological principle. 

“The cosmological principle means that on 
very large scales the Universe looks the same 
in every place, and has the same density in all 
directions, says Peter Coles, head of the School 
of Mathematical and Physical Sciences at the 
University of Sussex. “The problem is, what do 
we mean by ‘significantly large scales’?” 

Asa rough guide, the limit is placed at around 
1.2 billion lightyears, but several objects have 
been found that are said to break this limit, such as 
a group of 10 gamma-ray burst galaxies that span 
over five billion lightyears. But can something like 
this really be called a structure? 

“You can have a structure that’s not very strongly 
gravitationally bound, like a long filament of 
galaxies,” says Coles. “It might be several hundred 
million light years long but actually the effect it has 
on space-time is very small. 

As vast as these structures are, there may be larger 
ones undiscovered in the depths of our Universe. 
We can see only a tiny fraction of all there is to be 
seen, and no doubt even bigger monsters are lurking 
in the depths of our Galaxy and beyond. @ 


ABOUT THE WRITER 


Dr Elizabeth Pearson is BBC 
Sky at Night Magazine's news 


editor. She gained her PhD 
in extragalactic astronomy 
at Cardiff University. 


4 First spotted by the WMAP satellite in 2002, the CMB 
cold spot (circled) was confirmed by Planck in 2013 


Morpheus 76° 


Introducing the new Baader 
Morpheus 76° eyepieces. 
Features: 

e Full Field Sharpness 

e Long Eye Relief 

¢ Low Distortion 

¢ Immersive Views 

¢ Phantom Coating® Group 
* Optimized Internal Baffling 
* Optimized for Binoviewing 
e Weight reduction 

¢ Foldable Eyecups 

Safety Features 

¢ Photo-Video Adaptation 


Baader Solar Filters 


Introducing Baader Solar Filters. Three 
versions of Solar Filters are available: 
Telescopes (ASTF), 

Spotting Scope (ASSF) 

and Binocular (ASBF). 


The only ready made 
AstroSolar filter 
manufactured by Baader 
Planetarium GmbH, 
incorporating their 

15 years of experience 
of manufacturing and 
mounting AstroSolar. 
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Baader Classic 
Q-Eyepiece Set 
Classic eyepieces: 

6mm, 10mm, 18mm, Ortho 
and 32mm Plossl, Q-Barlow 
2.25x, Q-Turret quad eyepiece 
revolver, Astro Box #1. 


Individual items also 
available seperately. 


MORPHEUS? 25° 


45mm 6.5mm 9mm 12.5mm 14mm 17.5mm 
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STEELTRACK 


Diamond 
Steeltrack 


Introducing the all-new 
Baader diamond-geared 
Steeltrack-Focusers (BDS). 
Three versions of Diamond 
Steeltrack are available: 
Refractor (BDS-RT), 
Newtonian (BDS-NT) and 
SC/HD (BDS-SC/HD). 


Scope of supply for individual eyepieces (BDS-RT) (BDS-NT) 
a $ (ASBF) 
! / ) 
=e D) 9 
. : @ Ba: 
o- a —<— 
yf NanoTracker 


FILTER 


The travel companion for all 
Astronomers. The world’s 
smallest star tracker weights 
only 350g. Now with mini-USB 
slot for direct power supply. 


(Camera, ballhead and tripod not included). 
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Baader Filtersets 


RGB-Beginners, LRGBC, CCD-Narrowband, Narrowband, CCD Complete, 
1.1/4", 2", 50.4mm, 36mm, 50x50mm, & 65 x 65mm and many more. 
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Baader Filter Philosophy 


All Baader filters are designed and manufactured using the same 
philosophy to ensure many years of spectacular and trouble free 
performance. Each filter is cut to size and planeoptically polished to a 
quarter wave on both sides. No filter blank is cut from a large sheet. 
When coated, this seals the filter and ensures the filter does not “age”. 
This is just one example. Please see our website for a fuller explanation. 


Available from specialist astronomy retailers and selected other dealers nationwide. 
www.baader-planetarium.uk.com 


Baader is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 
David Hinds Ltd is an authorised distributor and reseller of Baader Planetarium products. 
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| Diploma i in Astronomy - 
Distance learning at. its best . 
Starts 2016 — PPP now | 


The Centre for Lifelong Learning at the University of York has 
just launched its postgraduate diploma in astronomy, delivered 
online via distance learning and led by Dr Alex Brown. Bringing 
together students from across the globe to explore the shared 
wonder of the night sky, the programme will give students 

a solid foundation of knowledge which will allow them to 
undertake their own research. We’ll explore radio astronomy 
through the infra-red and into the visible before travelling to 
ever-increasing energies of radiation to x-rays and gamma-rays, 
before concluding with neutrino, cosmic ray and gravity wave 
astronomy — time will also be spent considering the lives and 
deaths of stars. This exciting two-year, part-time programme 
starts 2016, and is aimed at home astronomers and the 
academically inclined. Applications are being taken now. 
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ith the fun of New Year 
behind us, what better 
time to look to the next 12 
months and the celestial 


sights on show in 2016? The season-by- 
season guide on the following pages will 
introduce you to a cornucopia of targets 
to watch out for, and if it’s a little creative 


M17, The beautiful Swan “i : 
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inspiration you're seeking we’ve picked 
some top astrophoto opportunities to put 
in your diary too. The year ahead certainly 
promises excitement for stargazers, but 
don’t just take it from us: throughout this 
article you'll find interviews with leading 
astronomers about their interests and 
what they hope to observe this year. > 


ABOUT THE WRITER 
Will Gater (@willgater) 


is an astronomer and 


journalist. He is the author 
of several books and 
presents live astronomy 
shows for Slooh. 
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4 The constellations of Orion, Gemini, Auriga and Taurus are prominent in winter skies 


WINTER 


JANUARY BEGINS WITH a wonderful 
array of constellations spread across the 
sky. In the west at around 10pm you'll 
find the likes of Pegasus, Andromeda and 
Triangulum. And if you missed them last 
autumn, you can still catch the showpieces 
of this part of the sky — the Andromeda 
Galaxy (M31) and the Triangulum Galaxy 
(M33) — high in the south right after 
twilight has ended. 

It’s the four glittering constellations of 
Orion, Gemini, Auriga and Taurus that 
really mean winter stargazing, though, and 


MARTIN MCKENNA 


you can’t fail to spot them in the south on 
the crisp January and February evenings. 
Each of these is home to some superb 
telescopic targets such as the sparkling 
Pleiades open cluster (M45, Taurus), 
M35 (Gemini) and the magnificent Orion 
Nebula (M42 in Orion). But don’t overlook 
the gems in neighbouring constellations 
either — for example, the open clusters 
NGC 2244 and M50 in Monoceros or, if 
you have a clear southern horizon, the 
lovely M41 in Canis Major. 

The Quadrantid meteor shower peaks 
on 4 January (see our interview with 
Dr Megan Argo, right) and don’t miss the 
spectacular close approach of the planets 
Saturn and Venus before dawn on the 
morning of 9 January. 


Amateur astronomer and aurora chaser 


Poor weather made 2015 extremely challenging for me, however despite 
this there were still a few treasures which made the constant sky checks 
worth it. The aurora display on 22 June would be one that stands out. 


Not only was the sky clear that night but | could also see the aurora with the naked eye, 
penetrating through the intense twilight glow. My advice to would-be aurora chasers is to 
never give up, ignore media hype, and pay no attention to Kp levels [a measure of how 
perturbed Earth’s magnetic field is]. Instead make the auroral oval and the B tilt [the 
orientation of the Interplanetary Magnetic Field] the main area of attention when studying 
online charts. It’s the surprise transient events that | always look forward to. It has been 
my dream to observe and photograph a truly great comet. 
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The Triangulum Galaxy 
is an impressive 
face-on spiral 


The Pleiades in Taurus 
is one of the standout 
clsuters in the night sky 


4 The Orion Nebula can be seen with the 
naked eye, but comes alive through a scope 


» DR MEGAN ARGO 
Astronomer at the 
University of Manchester 
and International Meteor 
Organization member 


In 2016 I'm hoping to get my radio meteor 
detector working again, so | can record 
shower activity without having to worry about 
the weather or moonlight! I’m also looking 
forward to going backpacking in some nice 
dark locations with my binoculars. The 
Quadrantids (maximum on 4 January) are 
potentially good this coming year, with a 
waning Moon and a predicted zenithal hourly 
rate of 120 during the peak of activity. This 
shower has a very shortlived activity peak 
and is not particularly well observed, partly 
due to the weather at this time of year. So if 
you fancy participating in some citizen 
science, observations of this shower are 
particularly useful to the astronomers who 
study and make predictions of shower activity. 
Unfortunately, the Moon will interfere with 
many of the reliable showers in 2016, 
including the Perseids in August, although 

it will be worth staying up until the Moon 

has set as predictions of activity rates for 

this year are good. 


4 Spring is a great time to spot galaxies, the 
Leo Triplet being among the most spectacular 


PROF LUCIE GREEN 

Solar scientist and Society 
for Popular Astronomy 
Chief Stargazer 


The partial solar eclipse 
was the highlight of 2015 for me. | was lucky 
enough to be in a part of the country that had 
clear skies throughout and | saw the Sun 
when it was around 85 per cent covered by 
the Moon. The drop in light and the purple 
hue of the sky made the scene quite beautiful. 

lam going to make 2016 all about Jupiter 
and Mercury. There will be a transit of 
Mercury on 9 May. Since Mercury is typically 
a planet not often seen because it is so close 
to the Sun, this will be an exciting opportunity. 

Astronomy doesn’t have to be complicated 
or expensive. That is the joy of it — there really 
is something for everyone. If you want to 
share your interests and get regular advice, 
join an organisation like the Society for 
Popular Astronomy. 


M5 is held to be one 
of the most beautiful 
globulars in the night sky 


< Mars will be at opposition 
in Scorpius on 22 May 


4 M64, commonly called the Black Eye Galaxy 


because of the dark dust lane across it 


SUMMERTIME ASTRONOMY OFTEN 
gets disregarded due to the short evenings, 
but if youre willing to stay up the skies 
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SPRING 


AS WE MOVE into March and April the 
showy constellations of the winter skies 
move into the west in the early evening, 
making way for their subtler, but no less 
interesting, spring counterparts. 

High in the south around 9pm 
towards the end of March you'll find the 
constellation of Cancer, home to two 
beautiful open star clusters; M67 sits at 
its southern end but it’s the stunning 
Beehive Cluster, M44, that really steals the 
show — a wonderful sight in binoculars, it 
will enthral anyone using a small telescope 
and wide-angle eyepiece. 

Jupiter is at opposition at the start of 
March, however spring is really all about 
galaxies and it is in the constellations of 
Leo, Virgo and Coma Berenices that you'll 
find particularly rich pickings. The Leo 
Triplet (made up of M65, M66, & NGC 
3628), Markarian’s Chain (on the border 
of Coma Berenices and Virgo) and M64 
(in Coma Berenices) are all fascinating 
telescopic targets at this time of year. 

By early May you'll also find several 
superb globular clusters on show high in 
the southern sky at around lam, including 
M3 and M5. Finally, Mars is at opposition 
in the constellation of Scorpius on 22 May. 


ee “2 The Lagoon Nebula is 
“#2 cone of the must see . 
: ‘oS sights of summer: 


at this time of year are bursting with 
beautiful sights. At the start of June the 
magnificent globular clusters M13 and > 
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treasures of Scorpius and Sagittarius low 
on the southern horizon. In the latter 
you'll find wonderful objects such as the 
globular cluster M22 and the Lagoon 
The Ring Nebula is a ° Nebula (M8). Working your way up the 
textbook example of Milky Way you'll see numerous Messier 
pene menue clusters and nebulae including the lovely 
Swan Nebula (M17) and — in Scutum 


+, > M92 in Hercules are high in the south —the Wild Duck Cluster (M11). 
+> at around lam. Saturn also comes to As summer draws to a close in late 
opposition on 3 June —a perfect time to August, Cygnus and Lyra are almost 
marvel at its exquisite ring system. overhead at around 10pm providing a 
With the Moon out of the way wealth of small scope targets, including 
towards the end of June and into early the Double-Double (Epsilon Lyrae), the 
‘ m July, the summer Milky Way becomes a beautiful double star Albireo (Beta Cygni), 
The contrasting components breathtaking sight from a dark-sky site. the famous Ring Nebula (M57 in Lyra) 


of Albireo in Cygnus make From the UK we get a glimpse of the and many captivating star clusters. 
it a delight to behold 
| 


» DON MACHHOLZ 
Astronomer and comet hunter 


Beginning in late spring I’ve been looking for the return of my second 
i periodic comet, 141P, as it makes its return to the inner Solar System. | finally 
Re saw it on 22 August through my 18-inch reflector, and was able to watch it 
for about a month. | will be doing the Messier Marathon again this year, but with the full Moon 
on March 23 I'll probably be doing it a couple of weeks before. 

One never knows when a bright comet will come by, one that is not yet discovered. Comet 
C/2013 X1 PanSTARRS will begin the year in the northern hemisphere at about mag. +10.0, 
then it will go behind the Sun and emerge in the morning southern sky. Comet C/2013 US10 
Catalina is expected to peak at about mag. +7.0 in the first couple months of the year, mostly 
in the morning sky. 


Saturn’s rings will 
be wide open during 
its 2016 opposition 


2016 PHOTO OPPORTUNITIES 


For those of us 
who like to monitor the planets as 
they wander across the heavens, 
September sees Mars passing the 
Lagoon Nebula, M8. On the 28th, 
and a few days either side, the Red 
Planet slips right beneath the nebula, 
but you'll need a clear view of the 
southern horizon to image this low 
down region. Mars will be about 1.5° 
from the nebula so a setup such as a 
DSLR and small refractor on a 
tracking mount should be ideal for 
photographing the close approach. 


SIMULATION 


— 
—_— =—_ 


Today the mighty Jupiter is at opposition. If you own a 
telescope and a webcam, or perhaps a high frame rate CCD camera, 
then now is the time to turn your attention to imaging the king of the 
planets. You'll find it blazing away in the south around midnight, 
sitting just under the hind legs of Leo the Lion. If you can capture 
several high-magnification images spaced out over the course of 
several hours you'll be able to reveal the rotation of the gas giant. 


Summertime 
brings with it the light nights, but 
for those of us in the UK it’s also 
a time to revel in the splendour 
of the summer Milky Way. The 
region of our Galaxy strewn across 
the constellations of Sagittarius, 
Scutum, Ophiuchus, Serpens and 
Aquila is perhaps one of the most 
exquisite celestial sights we can 


SIMULATION 


C Jupiter 


Before dawn on 25 November the Moon will 


see from these shores. A : pass close to the planet Jupiter, providing a fantastic opportunity to 
30-second exposure, taken with *. photograph the pair in the same field of view. What's more, as the 

a DSLR camera on a photographic Moon will be showing a crescent phase there’s the chance to capture 
tripod with a fast, wide lens is Ben5 the earthshine from our planet illuminating the darkened portion of our 
all that’s needed to capture this Te ae satellite. Combine this with the fact that all of Jupiter's Galilean moons 
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beautiful summer spectacle. will be on show too, and you've got the makings of a great astrophoto. 
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The Andromeda Galaxy, 
the body that will 

- eventually collide with 
our own Milky Way 


THE CRISP NIGHTS of autumn often 
bring with them beautiful, clear skies, 
and there are few greater pleasures in 
astronomy than wrapping up warm 
on a chilly evening and taking in the 
autumnal sights. 

September begins with Cygnus and 
its neighbours still wonderfully 
positioned for observing. Next door in 
the constellation of Cepheus you'll find 
a fascinating little observing curiosity in 
the form of the variable star Mu Cephei, 
also known as the Garnet Star due to 
its extraordinary hue. In early October 
you ll find the fine globular clusters 
M15 and M2, in Pegasus and Aquarius 
respectively, in the south at about 10pm. 

Autumn 2016 is also a good time 
to go looking for the ice giant planets 
Uranus and Neptune, in Pisces and 
Aquarius respectively. And autumn 
observing wouldn’t be autumn observing 
without a glimpse of the magnificent 
Andromeda Galaxy (M31) and the 
Triangulum Galaxy (M33), which are 


AUTUMN 


> 


4 Globular cluster M2 in Aquarius can 
be seen early on in October 


4 Ice giant Uranus; with a large scope you 
may be able to see its largest moons 


high in the south around 9pm towards 
the end of November. 

Hopping back into the band of the 
Milky Way you'll find a multitude of 
sparkling open clusters in Cassiopeia and 
neighbouring Perseus including M103, 
NGC 457 and of course the famous Double 
Cluster (NGC 869 and 884). 


The Double Cluster sparkles like 
a’pair of jewels in Perseus 


DR FRED ESPENAK 
Astronomer and 


7 eclipse expert 
1 A My favourite target 
over the past year was 


the total lunar eclipse on 27/28 September. 
We had ideal weather in Arizona 
including very pleasant temperatures. 
| watched and photographed the eclipse 
while wearing a short-sleeved shirt. | was 
imaging with two refractors and DSLRs 
while listening to Gustav Holst’s The Planets 
on my iPhone. This has got to be the most 
relaxing and enjoyable astrophotography 
experience I've ever had. 

I'll be travelling to Indonesia for a 16-day 
eclipse cruise for the total solar eclipse of 
9 March 2016. It will be a wonderful chance 
for a reunion with many eclipse-chasing 
friends. I'm also looking forward to my 
return to Indonesia since my last visit during 
the total solar eclipse in 1983. Of course, 
the 2016 eclipse is just an appetiser for 
the big event the following year — the 
Great American Eclipse of 2017. @ 
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THE UK'S TOP SELLING OBSERVATORIES !! 


An observatory is not just somewhere to store your equipment. 
It should also provide you with protection from wind chill and 
stray light so that you can observe in comfort. 


Only a traditional aperture slit style of observatory can do this. 
That’s why Pulsar 2.2m and 2.7m observatories are the most 
popular choice for casual observers and serious astro imagers. 
We are still the lowest price GRP observatories across Europe! 


Check out our website for drive options and dome accessories. 


Contact us at: sales@pulsar-observatories.com 
Or call: 01353 886139 


Mob: 07725 956071 


2.2M DOME & TRACK 
From £2395.00 


2.2M FULL HEIGHT 
From £2995.00 


2.7M DOME & TRACK 
From £3595.00 


2.7M FULL HEIGHT 
From £4595.00 


Pulsar 
WWW. pulsar -observatories.com 


FROM THE MAKERS OF 4 


ges Sky at Night 


MAGAZINE 


a Feplore the he night sky over the next 
12 months with BBC Sky at Night 
Magazine's Yearbook 2016. This 
—- 
indispensable. astronomy | bible contains 
a full year of stargazing tips, projects 
dnd how-to guides, ers amazing images 
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A FULL YEAR 
OF OBSERVING 
TIPS AND PROJECTS. 


the best views. 


—, 
NIGHTSCAPE IMAGING 


WITH A DSLR CAMERA 


i 


Plus - subscribers to BBC Sky at Night 
Magazine receive FREE UK delivery on 
this special edition. 


SEASONAL TARGETS FOR | pRAC TICAL ADVICE TO eT | fe YEAR'S 
SG REVIEWS OF TH! 
SCOPES AND BINOCULARS | MORE FROM YOUR KIT \ BEST NEV EQUIPME x 
\ 


A YEAR LONG 
TIMELAPSE = 


All the key dates for your diary. pipe projects to help you make Expert tips on finding and observing 
Keep track of eclipses, oppositions, a record of sky phenomena, with guides —_ deep-sky objects with the naked 
* — occultations, meteor showers and more to locations, camera settings and editing _eye, binoculars and telescopes 


ORDER YOUR COPY TODAY 
www.buysubscriptions.com/yearbook2016 


Alternatively call 0844 844 0254' and quote ‘SKBHA16’ 


+Calls will cost 7p per minute plus your telephone company’s access charge. Lines are open 8am-8pm weekdays & 9am-1pm Saturday. 
*Subscribers to BBC Sky at Night Magazine receive FREE UK POSTAGE on this special edition. Prices including postage are: £9.49 for all other UK residents, 
£10.99 for Europe and £11.49 for Rest of World. Please allow up to 21 days for delivery. 


The Solar System to scale: 
such simple images belie the 
complexity of the worlds of 
our cosmic backyard 


N ABOUT THE WRITER 


Dave Hawksett is 

an amateur astronomer 
and the contributing 
science consultant 

for Guinness 

World Records. 


PREDICTING THE 


PLANETS 


From dots in the sky to worlds to explore - Dave Hawksett 
looks at what we got right and what we got wrong 
when trying fo predict the nature of the Solar System 


BC Television Centre, White 
City, London; sometime during 
the night of 4-5 July 1997. Sir 
Patrick Moore marches into 
the room and straight up to the monitors 


the rest of us are clustered around, awaiting 
the results from the Mars Pathfinder 
mission. “Ah, the sky is pink. Garry Hunt 
owes me a bottle of whisky!” he says. 

This wager had originated some 
21 years earlier during the Viking.1 
mission to Mars. NASA released the first . 
colour picture taken on the surface of the . 
Red Planet on 21 July 1976 and it showed 
a blue sky. Then, five days later, NASA 
released a recalibrated photo that showed __ 16 years prior to Viking 1. 
the Martian sky to be, in fact, red. Ahead In 1965, images captured 
of the landing of Pathfinder on the Red by Mariner 4 during the 
Planet in 1997, Garry and Patrick made first successful flyby of 
a bet on whether NASA would make the the planet disproved 


< Italian astronomer Giovanni 
Schiaparelli was convinced 
there were canals on Mars 


ee } Mars globe complete 


same mistake again. This time, however, the existence of the with canals to illustrate 

NASA didn’t, and Patrick won the bet. Martian canals that what the probe’s imaging 
While the apparent presence ofa blue “ had.been mistakenly sequence would be. 

sky on Mars surprised many people, identified by Giovanni Hidden under white 

it was the absence of another Martian Schiaparelli in 1877. But clouds, Venus remained even 

feature that had astonished scientists for the lack of anything better, more a mystery than Mars. The 

during another mission to the planet mission scientists were forced to use a discovery of its atmosphere by Mikhail 


Lomonosov in 1761 gave astronomers two 
full centuries to speculate on what may 
lie underneath. Predictions included 

a carboniferous world with dinosaurs 
and oceans of fizzy water. 

But when Mariner 2 performed the 
first flyby of Venus in 1962, the results 
were devastating. The planet, it was 
‘discovered, took so long to rotate that 
any semblance of a diurnal pattern 
suitable for life would be impossible. 
Worse still, the spacecraft found the 
‘ a oe . conditions at the surface to be atrocious. 
a NASA bungled Viking 1's first image of 4 With the Mars Pathfinder NASA didn’t make Temperature and pressure ruled 
Mars in 1976, causing the sky to appear blue _‘ the same mistake, and Patrick won his bet out the possibility of life. > 
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4 We once thought that astronauts on the Moon 
might sink; they found firm ground and left 
footprints that will remain for millions of years 


> In 1955 Austrian astrophysicist Thomas 
Gold predicted that astronauts would sink 
without a trace should they attempt to land 
in the deep dust on the Moon’s surface. 
The legacy of Gold’s prediction can be seen 
in the Apollo programme. The lunar 
module that carried Neil Armstrong and 
Buzz Aldrin to the surface of the Moon was 
built with the bottom rung of its ladder 
higher than necessary to compensate for 
any sinking that might occur. As a result, 
Armstrong had to practise jumping from 
the module’s landing pad up to the bottom 
rung, just to make sure he could make it 


Neptune’s moon Triton 
proved to be home 
to cryovolcanoes 


4 lo, Titan and Enceladus were once thought to be 


back on board before finally stepping onto 
the lunar surface. It wasn’t just the 
composition of the surface that was cause 
for argument; the origin of lunar craters 
was an equally divisive matter. Many 
believed they were the result of volcanism; 
it wasn’t until the 1960s that the impact 
origin for most craters was accepted. 

The discovery of active volcanoes on 
Jupiter’s moon Io in 1979 was another 
milestone. They were found by accident by 
Linda Morabito, a technician looking for 
stars in order to calibrate Voyager I’s 
trajectory. Io, like the other three Galilean 


UNANSWERED QUESTIONS 


“When Earth passes through the tail of 
Halley’s Comet in 1910, there will be deaths 
on a global scale due to the hydrogen 
cyanide in the tail. Buy your comet pills 
and anti-cyanide umbrella here!” 
Predictions — whether accurate or entirely 
misguided like this one - fill the space left 
by unanswered questions. And although 


our knowledge of space and the objects 
floating around in it has grown considerably 
since 1910, the more we learn about them, 
the more questions we're left with. Here 

are just a few of them... 


Whet are the bright spots the Dawn 
spacecraft discovered on Ceres? 


Wheat are those red streaks, imaged by 
Cassini in 2013, on Saturn’s moon Tethys? 
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Do Callisto and Ganymede also have 
subsurface oceans driven by tidal heating? 


Are the volcanoes on Pluto active? 


How much longer will the storm that forms 
Jupiter’s Great Red Spot last? 


Are Saturn’s rings forming a new moon 
called Peggy? 


Is the volcanism seen on Venus rare or 
widespread? 


What's on the other side of Triton — the side 
that Voyager 2 didn’t see? 


Is there life on Mars, or anywhere else in 
the Solar System? 


dead moons — now they are considered among the 
most exciting bodies in the Solar System 


moons, was presumed to be an icy world 
covered in craters, so when images showed 
a blotchy body that resembled a pizza, 
almost everyone was surprised. But not 
Stanton Peale of the University of California 
or NASA's Pat Cassen and Ray Reynolds. 
Just one day before the surface of Ilo swam 
into view, the journal Science printed a 
paper by the trio who had been studying 
the orbits of Jupiter’s four biggest moons 
and noticed Io had been forced into an orbit 
that was slightly elliptical. They predicted 
that resulting tidal heating would cause 
“widespread and recurrent surface volcanism”. 

Tidal heating also seems to have affected 
the other Galilean satellites, so planetary 
scientists now had four new diverse worlds 
to explain. The icy shell of Europa and the 
grooves of Ganymede brought glaciologists 
into the club of expertise now required to 
understand how the solid worlds of the 
Solar System formed. 

The surprises at Jupiter meant the 
Voyager team were far more prepared for 
the twin spacecrafts’ encounters with the 
moons of Saturn. Two in particular were 
of great interest: Enceladus and Titan. 
While Enceladus looked like a mini- 
Europa, the large moon Titan, with its 
thick atmosphere, blocked any view of the 
surface from Voyager 1. 

The showcase of Voyager 2’s final pit 
stop at Neptune has to be the moon 
Triton. Pre-encounter telescope studies 
had found absorption lines in Triton’s 
spectrum that were interpreted as 
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4 Infrared views of Titan ended the debate on whether this Saturnian moon had a solid surface or was covered in liquid methane 


nitrogen — quite probably in liquid form. 
Ultimately Triton’s nitrogen seas turned 
out to be solid, but the discovery of active 
cryovolcanism in the form of geysers 
marked only the second time activity had 
been seen on another world. 


Unknowns updated 

The 1990s saw spacecraft return to 

Venus, Mars and Jupiter. Selecting what 

is included on a planetary spacecraft is a 
predictive process; however, schoolboy 
errors can and still do occur. In 1997 Mars 
Pathfinder deployed the Sojourner rover, 
equipped with an alpha particle X-ray 
spectrometer to perform close up analyses 
of individual rocks. Many of the results 
were “contaminated by dust adhering to 
the rock’s surface”. Dust? On Mars? The 
Mars Curiosity rover, which landed in 
August 2012, includes a dust brush. 

Today the long arguments over the 
results from the Magellan Venus mapper 
are finally over. Twenty years of theory and 
analysis had failed to establish whether or 
not there was volcanism on Venus. But thanks 
to Venus Express, the disputes were finally 
put to rest in 2015. Being so similar in size 
and density to Earth, Venus was assumed 


to be volcanically active by many, but the 
data from impact crater distribution said 
otherwise: a reminder of the dangers of 
assuming too much when predicting what 
another world will look like. 

Since the Voyager missions Titan has 
received some proper attention too. The 
Huygens lander was the first probe designed 
to land on a solid or liquid surface. Seas of 
ethane and methane were likely but only a 
theory. Spare a thought, then, for the graduate 
students at the University of Kent who built 
parts of Huygens’s Surface Science Package. 
The lander incorporated a penetrometer to 
measure properties of any solid surface, as 
well as a buoyancy sensor to measure any 
liquid it landed in. The creators of these 
instruments knew only one of them would 
be getting results. Now that we have 
infrared maps of liquid hydrocarbon lakes 
on Titan’s surface, the next lander will not 
have to carry both instruments. 

The discovery of liquid water on the 
surface of Mars isn’t surprising to anyone 
who has followed Martian exploration. 

Ice at the poles of the Moon and Mercury 
were successfully predicted. We now 
have activity on Venus, Earth, Io, 
Europa, Enceladus and Triton. Those 


who predicted nothing but impact craters 
in the outer Solar System are mostly 
retired. We will pretend not to remember 
that the Voyager team originally had 

just one geologist. 

One of the next big predictions is that 
of Europa’s subsurface ocean. Planetary 
scientists are pretty certain this exists, but 
is it global or are there separate bodies of 
salty water down there? If it is global, then 
the crust is decoupled from the mantle and 
could allow for non-synchronous rotation. 
To be safe, the only prediction I will make 
is that the Solar System will only become 
more amazing the more we explore it. @ 


> We are almost certain 
there is liquid under 
Europa’s crust, but 


the extent of it is ig = 


still debated 


AN UNFOLDING DRAMA OF DISCOVERY 


BBC Sky at Night Magazine spoke to Dr Alan Stern just a few days 
before the New Horizons team announced volcanoes on Pluto 


Had the bright Tombaugh 
Regio on Pluto shown up 

in Hubble images? 

No, the Tombaugh Regio was 
discovered by New Horizons. 
We first saw it when we were 
still around 10 weeks out. 


he 
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What has surpassed your expectations? 
Almost everything! The complexity, the 
number of different kinds of landforms and 


atmospheric phenomena that we're seeing on 
Pluto and its satellites rivals almost anything 
seen in the Solar System. We expected Pluto 
to be complicated, but nothing like this. It’s 
simply astounding! 


Are there any features that are unique to 

the Pluto system? 

A couple of examples are the moated mountain 
on Charon and the snakeskin terrains on 
Pluto, which are both one-of-a-kind. 


Could those lines of pits on the Tombaugh 
Regio be analogous to Triton? 

We didn’t see that on Triton but there are 
features like this on glaciers on Earth. 


And Pluto's atmosphere? 

| think that the number of haze layers and the 
extensive nature of the haze is towards the 
top of the list of discoveries so far. 
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The Guide 


The value of binoculars 


With Stephen Tonkin 


Telescopes aren't the only option for observing astronomical objects 


tarting out in astronomy and 
wondering what to buy for your 
first telescope? There's a simple 
answer to that question: don’t 
buy one, buy two. Two small ones that are 
joined with a hinge so that the distance 
between them can be adjusted to exactly 
match your eyes. We are of course talking 
about binoculars — a valuable tool in the 
armouries of most active observers. 
There are hundreds of astronomical 
bodies that a pair of binoculars will bring 
into view for you. Not only will they let 
you see many more objects than you can 
with your naked eye, but the detail and 


colour in those objects become a lot richer. 


With binoculars, Brocchi’s Cluster 
actually looks like a coathanger and the 
Orion Nebula becomes a fantastically 
detailed painting of light. The Milky 
Way is no longer a tenuous 
glowing band, but a knotted 
tangle of stars, interspersed 


ordinary-looking star that marks the head 
of Cygnus to an exquisite juxtaposition of 
gold and sapphire. And you can easily see 
galaxies by the light that left them millions 
of years ago, when our ancestors were 
barely Australopithecines. 

Binoculars are still suitable even if you 
want to do ‘serious’ astronomy. There are 
variable star observing programmes 
specifically for binoculars, and their 
portability makes them ideal for taking 
to the narrow track where a lunar graze or 
asteroid occultation is visible. 

Alternatively, you could wrap up warm, 
lie back on your garden recliner and just 
enjoy the objects that the binoculars let 
you find as you cast your gaze among the 
stars. Before you realise 
it, you have begun 
to learn the sky 


and you'll soon be able to navigate around 
it better than the entry-level Go-To 
telescope you nearly bought instead. 

Best of all, you can have this complete 
observing system for two eyes for less 
than the price of one reasonably good 
telescope eyepiece. 


What to look for 


Binoculars are classified by two numbers 
that refer to their magnification and 
aperture. So a 10x50 pair of binoculars 
has a magnification of 10x, and each of 
the objective lenses has an aperture of 
50mm. These numbers also enable you 
to calculate the size of the circle of light 
— or ‘exit pupil’ — that emerges from the 
eyepieces: all you have to do is divide the 
aperture by the magnification. So a 10x50 
pair of binoculars has an exit pupil of 
5mm. The exit pupil should be no larger 
than the dark-dilated pupils of your 
eyes: anywhere between 4-6mm is 


with mysterious dark 
patches. Albireo goes 
from being an 


fine for your first pair of binoculars. 
Larger apertures potentially show 
you more, but may need mounting 


4 From left to right, 8x40, 10x50 and 
15x70 binoculars. Ask around to determine 
which size is best suited to you and 

the type of viewing you intend to do 
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if you want steady views over prolonged 
periods. Common sizes are: 


> 8x40, which almost anyone over the 
age of 10 can hold steadily 

> 10x50, which most adults can hold 
steadily (this size is a popular 
compromise between size and weight) 

> 15x70, which really needs to be mounted, 
although it can be briefly handheld 


You should also check that the distance 
between the eyepieces, or ‘interpupillary 
distance’ will adjust to your eyes. If you 


The bigger your 
binoculars get, the 
harder they become to 
hold steady. A mount 
will provide a stable 
viewing platform for 
larger binoculars 


observe while wearing glasses, ensure that 
the binoculars have enough distance (‘eye 
relief’) from the eyepiece to your ideal eye 
position; 18mm or more should be fine. 
There are two basic types of binoculars: 
Porro-prism and roof-prism. In any price 
range, roof-prisms are lighter, but 
Porro-prisms tend to have better optical 
quality. Once you've decided on size and 
type, get the best quality you can for your 


budget and start exploring the night sky. @ 


Stephen Tonkin is the author 
of Binocular Astronomy 
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If your passion is planetary detail, close 
double stars, globular clusters or planetary 
nebulae, then you should consider buying 
a telescope. But for the rest of the visible 
Universe, binoculars are the better option. 
Setting up handheld binoculars takes a few 
seconds, and even mounted ones can be set 
up in a few minutes, so you'll be observing 
long before your Go-To telescope-using 
buddies are ready to start. You can also use 
them for impromptu sessions where it would 
be too much trouble to set up a telescope. 
Many objects are ideally framed in the 
wider field of handheld binoculars: asterisms 
like Kemble’s Cascade or the Leaping 
Minnow overflow most telescope fields, as do 
large open clusters such as the Pleiades and 
the Beehive Cluster. Even large faint objects 
like the Triangulum Galaxy and the North 
America Nebula can be easier to see in 
budget 10x50 binoculars than in amateur 
telescopes of several times the price. 
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CAN I USE 
ANY OLD 
BINOCULARS? 


In principle, yes: even plastic-lensed 4x20 
toy binoculars can show you astronomical 
objects that you otherwise couldn't see, 
such as the moons of Jupiter. So, if you 
already have a pair of small binoculars, 
for example a 6x30 or 8x32 pair, try them 
out under the stars: you'll be amazed at 
how much more you can see. The optical 
quality will also make a difference and 
you may find that there are things you can 
see with good-quality small binoculars like 
8x42s that are beyond the capability of an 
entry-level 15x70. But avoid zoom 
binoculars: good ones don’t exist. 


> Even toy 
binoculars give 
you a decent 
view of the 
night sky 


A The incredibly wide field available with binoculars really helps when observing clusters 
of stars, such as the Pleaides (left) and M44, the Beehive Cluster (right) 
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With Mary Spicer 


How to 


Create timelapse star trails 
Catch breathtaking stills and videos that show the Earth's spin 


4 A stationary object in the foreground provides a great contrast to apparent motion of the stars 


ne of the most beautiful and 
rewarding subjects for 
astrophotography are star 
trails. You can create such 
an image by shooting a long-exposure 
photograph that captures the apparent 
movement of the stars. But it’s not 
actually the stars that are moving — the 
appearance of movement is caused by the 
Earth spinning on its own axis, taking 
23 hours 56 minutes and four seconds 
to complete one full rotation. 

If you study the movement of the stars, 
you ll notice that they rotate around the 
celestial poles. In the northern hemisphere, 
stars appear to move anticlockwise around 
the north celestial pole, which is currently 
within 1° of Polaris. The exact locations of 
the celestial poles are slowly but constantly 
changing due to precession — the ‘wobble’ 
caused by Earth’s rotational axis being 
tilted at 23.5°. The celestial poles both 
follow a circular path that takes almost 
26,000 years to complete, so those of us in 


the northern hemisphere are lucky to be 
here when Polaris is so near. 

It’s important to know the location of 
the celestial pole when you're deciding how 
to frame your images of star trails, especially 
if you want to include it in your photo. If 
you look at a star-trail image, you'll notice 
that the further away from the celestial 
pole a star lies, the greater the distance it 
appears to move within the shot. This 
leads to the beautiful concentric circular 
patterns that are carved across the sky. 


Where to look 


Your latitude is what determines the exact 
position of Polaris in the sky and therefore 
the location of the celestial pole. If you're 
standing at the North Pole, Polaris would 
be directly above you. If, however, youre 
in London, which lies at a latitude of 
approximately 51°N, then Polaris would 
be 51° above the horizon. 

Producing star-trail images is 
relatively straightforward and you only 
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TOOLS AND 
MATERIALS 


EQUIPMENT 

> A DSLR or compact camera that 
can shoot exposures of 15 seconds 
or more 

> A fixed tripod (this is one occasion 
where you absolutely don’t want the 
camera mount to track) 

> A remote shutter release cable 
or intervalometer 

> A sock with the toe cut open and 
a couple of reusable pocket hand 
warmers to make a dew heater 


PROCESSING SOFTWARE 

> Adobe Photoshop Lightroom 

(or other software capable of 

batch processing images) 

> StarStaX 
(www.markus-enzweiler.de/StarStaX/ 
StarStaX.html) 

> Windows Movie Maker 
(windows.microsoft.com/en-gb/ 
windows/movie-maker) 


need basic equipment to do it. There 
are two methods: the first is to simply 
set your camera to take one long, 
continuous exposure. The downside of 
this method is that unless you’re under 
incredibly dark skies, your final image 
will suffer from the effects of light 
pollution. Also any fainter stars in your 
image will be completely washed out. 
A better method is to stack lots of 
shorter-exposure photographs together 
using free software, such as StarStaX. 
This sort of software is simple to use > 
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4 The longer your exposure, the longer 
the star trails you'll get on your final image 


>and gives brilliant results. There are a few 
major advantages to using this method. 
First of all, you can set the ISO much 
higher if youre only shooting a 30-second 
exposure. Doing so will reduce the effects 
of light pollution and enable your camera 
to pick up many more stars. Then all you 
need to do is shoot multiple images for as 
long as you want your star trails to be 
—a total exposure time of longer than 
15 minutes works well. 

The second advantage is that if 
something ruins one of your photos, 
such as a low-flying aircraft or a security 
light, you can exclude the affected image 
from the stack and the software will fill 
in the gap for you. 


Making movies 

There’s one more advantage to using a 
stack of short-exposure images: you can 
save cumulative files, which allows you to 
create a timelapse video with the freeware 
program Windows Movie Maker. Star-trail 
images are dramatic, but timelapse videos 
of them give even more breathtaking 
results. However, keep in mind that as 
you're using the cumulative images rather 
than a live video, any satellites or aircraft 
that pass through your shots (and there 
will be plenty of them) produce a white 
line across the star trails that will remain 
for the duration of the video. 

There are many timelapse software 
programmes available to buy, but in this 
step-by-step we’ll show you how to do it 
with free software. The biggest challenges 
you'll face are finding a long enough 
period when the sky remains clear and 
preventing your lens from dewing up.@ 
Mary Spicer is a passionate astro 
imager based in Oxfordshire 
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Check your camera battery is fully charged. 
Place the sock around the lens, making sure 
it doesn’t overhang (you don’t want any sock 
vignetting). Tuck the activated warmers inside 
the sock to prevent lens fogging. Make sure 
you take off the lens cap before imaging! 


& 
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Frame your shots — including foreground 
objects can add interest. Shoot on 
continuous for as long as possible, then 
shoot a few calibration frames with the lens 
cap on. Remember to cover the viewfinder 
as this can introduce unwanted light. 


Se 


Sullele 


Drag images into StarStaX and uncheck any 
you want left out. Add your dark calibration 
frames, check the Save Cumulative Images 
box, then click the Stack button. After that, 
save the final image and StarStaX will save 
the cumulative files for other uses. 


pIEPZ 


Turn off autofocus. Set the f-stop to f/3.5 

(or lower), then focus on a bright star using 
live view. Set shutter to 30 seconds and do 
some test shots to ascertain the highest ISO 
setting the sky conditions will allow. You don’t 
want the background getting washed out. 


Export 21 Fes y 


a 


STEP 4 


Import the photos into Lightroom. Apply any 
noise reduction and other tweaks as needed. 
Apply the same process to all the images to 
maintain consistency. Export the photos and 
darks as Tiffs or Jpegs to a new folder. These 
are the images you'll use in StarStaX. 


18 My Mowe - Mowe Maher 


sullsless 


Drag the saved cumulative images into Movie 
Maker, select all and change the duration of 
each frame to 0.1 seconds. A one-hour total 
exposure will produce approximately 11 
seconds of movie. Save the video for 
high-definition display and enjoy the movie. 
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The advantages of shooting in RAW 


Il DSLR cameras and many 

premium compacts are able 

to capture images as RAW 

files instead of the more 
common Jpeg. You'll find the option in 
your camera’s image quality settings, 
and some cameras can capture an image 
as both types of file at once. 

A good way to look at RAW files is as a 
simple dump of the camera sensor’s data 
at the moment of exposure. They offload 
all image processing to your computer 
rather than using the camera, giving 
you complete control over the process. 
They’re larger than even the finest Jpeg, 
as they’re completely uncompressed 
and contain more information than 
images in the more common format. 

To read a RAW file, you'll need an 
image editing program. Adobe, as ever, 
is the king of RAW decoding, with its 
Lightroom workflow software making the 
a Our original, unedited picture of the Northern Lights as seen in southern importing, organising, editing and 
Canada. The shot was taken with a camera set to capture images as Jpeg files exporting of files a fast and relatively 


pain-free affair. It’s available as part of 
Creative Cloud subscription packages or 
as a standalone purchase, but the cheaper 
Photoshop Elements, Affinity Photo (Mac 
only) or freeware GIMP (you may need a 
plug-in) will do the job too. If your camera 
came bundled with software from the 
manufacturer this can be a great choice 
too, as the software will be perfectly tuned 
to your chosen brand. 

So far, shooting RAW files may sound 
like more trouble than it’s worth. Larger 
files take up more space and the need to 
buy software can put people off. But there 
are advantages for astrophotography — one 
of the biggest being that you have more 
data to work with. 


A richer palette 

Jpeg compression creates smaller files 
but throws away image information in 
the process, which is known as ‘lossy 


4 After passing the RAW file through Adobe Lightroom and adjusting highlights, compression’. You also lose information 
shadows and saturation, the image has considerably more definition and punch from a Jpeg due to it being an 8-bit file. 
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Develop 


4 Adobe Lightroom in action. The controls on the right are for manually adjusting the image, while the presets on the left offer one-shot edits 


This means each colour channel — red, 
green and blue — that makes up the image 
is defined as one of 256 shades for each 
pixel. Add this up, and you get a choice of 
16.8 million colours per pixel, more than 
enough to make a lifelike image. 

RAW files capture up to 16,384 shades 
per channel, known as 14-bit colour 
(although some cameras offer 12-bit with 
4,096 shades) leading to a massive number 
of available colours — far more than the 
human eye can perceive. 

Why would you want this? The answer 
is editing. Shoot in Jpeg and youre stuck 
with the in-camera processing settings 
you had selected at the moment of capture. 
Shoot in RAW, however, and you can 
alter them later. This includes white 
balance and sharpening, but not ISO, 
aperture or shutter speed. Because they’re 
unprocessed, an unedited RAW image may 
look soft and lacking in contrast when 
displayed on a screen. 

The additional colour information 
you've captured comes into play when you 
need to alter the exposure — pulling colour 
data out of the dark areas of an image gives 
much better results in a RAW file as there’s 
more initial data to work with. The image 
of the Northern Lights we’ve used on these 
pages was shot in southern Canada with 
an exposure of 15 seconds and an f/1.4 
lens, but looked dim initially. We edited it 
in Lightroom CC 2015 to bring out the 
colours of the aurora. But instead of using 


4 Before and after images seen in Adobe Lightroom. None of the edits are permanent until the 


image is exported as a new file 


the Exposure slider to brighten the whole 
image, we slid the Highlights control to 
the right to only brighten the lighter parts, 
and the Shadows slider to the left to 
darken the dark areas. After that we used 
the Saturation slider to bring out the 
colours. Increasing the contrast improves 
the definition of the vertical feature rising 
from the centre-right of the horizon, 
although it is at the cost of the darker 
corners in the image. 

Another benefit of a RAW image 
workflow is that the master image remains 
untouched; the adjustments you make are 
only applied to a new file when you export 
your image as a Tiff or Jpeg that’s ready for 


printing or sharing. You can always return 
to the master copy, to begin the process 
all over again. 

While these edits would have been 
possible using Photoshop or another 
editing program on a Jpeg file, the chances 
of adding extra digital noise to the image 
would increase, and the colours of the final 
photo wouldn’t be as rich. So, if you don’t 
mind the extra space needed to store your 
images, and the extra work needed to 
process them, switching to RAW can give 
your astrophotos an extra edge. @ 


lan Evenden is a tech journalist and 
keen astrophotographer 
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The Observatory Science Centre is 
home to some of the largest historic 
telescopes in the UK. 


The Destination Space project is 
backed by the UK Space Agency. 

It is an exciting programme of events 
and activities for families and schools 
throughout 2016. 


Visit our website for further details. 
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Scope 


Our resident equipment specialist cures your 
optical ailments and technical maladies 


Pm looking to upgrade from binoculars 
to a good scope with a sturdy tripod, 
mount and Go-To facility. The Celestron 
NexStar Evolution has been suggested, 
but do you have any other ideas fora 
budget of £1,250-£1,500? 


DAVID SHADRACH 


With £1,250-£1,500 you have a very 
healthy budget for buying your first 
telescope and as such there are plenty 
of choices available to you. 

Your first decision must be the type 
of mount that you need and the choice 
here is between an altazimuth and an 
equatorial mount. Celestron’s NexStar 
Evolution 6 falls into the first 
category. If all you're going to be 
doing is observing the night sky, then 
an altazimuth mount is ideal, but if 
you have any aspirations towards 
photographing it in the future then an 
equatorial mount is an absolute must. 

Your second major decision will be 
the focal length of the telescope. 
Those with a long focal length are 
better for fine detail and are ideal for 
galaxy, planetary nebula, globular 
cluster, lunar and planetary 


A Celestron’s NexStar 
Evolution 6 is good for 


visual observing 
observing. Telescopes with shorter 
focal lengths can be pressed into Newtonian reflector telescope and 
shorter focal length of 1,000mm, 


would provide you with a larger 


service for a wide range of 
observations and are a better bet if 


HE DOCTOR 


you're considering astrophotography. 
The NexStar Evolution 6, a Schmidt- 
Cassegrain telescope with a 1,500mm 
focal length and altazimuth mount, 
would be a very good choice for 
observing, and costs around £1,100. 
For a similar price, the Sky-Watcher 
Explorer 200P-DS HEQS5 Pro, with its 


aperture for observing and a good, 
heavy-duty equatorial mount that 
would open up the possibilities for 
capturing images. 

Either choice would leave you with 
spare funds to purchase additional 
eyepieces and accessories to complete 
your observing line-up. 
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STEVE'S TOP TIP 


What can be seen with the naked eye? 
Astronomers can become fixated on their 
observing equipment with an ever-expanding 
range of eyepieces and telescopes to choose from. 
However, under dark skies, the naked eye does a 
fine job on its own revealing the true majesty of 
the night sky in a wonderful wide-field context. 
Objects such as the Milky Way, Pleiades star 
cluster, Orion’s Sword, the Double Cluster and the 
Andromeda Galaxy are well known naked-eye 
objects but, to the dark-adapted eye, it’s amazing 
how many others can be seen down to about 
mag. +6.5. There is nothing quite as beautiful 
as enjoying the heavens unaided. 


As an older astronomer, my eyes are not what 
they once were and I've been told my pupil 
dilation is only 5mm. Any advice? 

DAVE MCCRACKEN 


As we age, our eyes’ dilated pupil size diminishes. 
A 20-year-old might have a dilation of almost 
5mm during the day and 8mm at night, whereas 
by the time they reach 50 it might have reduced 
to 3.5mm and 5mm respectively. 

The light emerging from an eyepiece produces a 
circular image with a small diameter known as the 
exit pupil. The exit pupil is calculated by dividing 
the eyepiece’s focal length by the focal ratio of the 
telescope. To enjoy the best views the exit pupil 
should be less than or equal to your dilated pupil 
size to ensure that your eye detects all the available 
light. For example, if your dilated pupil is 5mm and 
you have an f/6 telescope, you should aim to use 
eyepieces with a focal length of less than 30mm 
(S5mmx6). Bear in mind, however, that an exit pupil 
smaller than your dilated pupil makes observing 
more relaxed as you don’t have to hold your head 
rigidly to the eyepiece to ensure perfect alignment. 


4 Our pupils are able to dilate less as we get older 
— meaning that we see less light in the night sky 


Steve Richards is a keen astro imager 
and an astronomy equipment expert 


Email your queries to scopedoctor@skyatnightmagazine.com 
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HOW WE RATE 


Each category is given a mark 
out of five stars according to how 
well it performs. The ratings are: 


kkk Outstanding 
tok & Very good 
kk kk Good 

wk kkk Average 
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FIRST light 
Celestron 


See an interactive 360° model of this scope at 
www.skyatnightmagazine.com/OmniXLT 


Omni XLT AZ 102. 


A beginner scope that’s easy to move and easy to use 


WORDS: PAUL MONEY 


VITAL STATS 


e Price £325 

e Aperture 102mm 
(4 inches) 

e Focal length 660mm 
(f/6.5) 

e Optics Fully XLT-coated 
glass optics 

e Tube length 812mm 

e Focuser Rack and 
Pinion 

e Weight 6.2kg 

e Extras 25mm 
eyepiece, erect-image 
diagonal, StarPointer 
Pro finderscope, 
accessory tray 

e Supplier David Hinds 

e www.celestron.uk.com 


e Tel 01525 852696 


SKY SAYS... 


or anyone beginning their 

journey to view the wonders 

of the night sky there’s a 

bewildering choice to be 
made when it comes to deciding what 
to buy. However, help is at hand in the 
shape of Celestron’s Omni XLT AZ 102 
system. Not only does it come with a 
fully coated 4-inch, f/6.5 scope, but there’s also a 
StarPointer Pro finder, a 25mm 1.25-inch Plossl 
eyepiece, an erect-image diagonal, a sturdy altaz 
mount with slow-motion controls and a lightweight 
yet firm tripod packaged alongside. 

Putting it together is a quick and relatively simple 
process as the mount and tripod are already 
assembled. It only takes a moment to attach the 
optical tube to the mount via its Vixen-style bar, 
add the finder, diagonal and eyepiece. The telescope 
is designed so that you can use it for both 
astronomical and terrestrial viewing, but this 
review concentrates on its uses for astronomy. 

It’s worth noting, however, that if you wish to use 
it for something like birdwatching, the mount’s 
single arm can be aimed so the scope points 
downwards. You can achieve this by unscrewing 
the black circular cover on the bottom of the arm 
then using an Allen key to undo the screws and 
make the adjustment. 

For astronomical purposes the mount can be 
moved manually in both altitude and azimuth 


The wide field of 
view with the 
25mm allowed 
us to enjoy all of 
the Pleiades 
cluster in one go 


planes via the slip clutches. For zeroing 
in on a chosen target the StarPointer 
Pro finder provides a non-magnified 
view of the sky. Simply turn on the red 
LED and it projects a lovely, dual-circle 
reticule that we found more satisfying 
to use than the typical red-dot finders 
we're accustomed to. There is one 
caveat though: its open design does tend to dew 

up quicker than you might expect. 


Pin-sharp views 
Turning skyward, we manually located the bright 
star Altair in Aquila and, after centring it, moved 
it back and forth across the view of the supplied 
25mm eyepiece. We were pleased with the quality 
that allowed the star to remain pin-sharp almost 
to the edge of the view, which is good for wide-field 
targets. We moved on to Albireo in Cygnus and were 
treated to a beautiful orange and sky-blue pair that 
was very tight at that magnification. Swapping to 
our own 9mm Pléssl and increasing the magnification 
from 26x to 73x, the view was gorgeous. We then 
aimed at Iota Cassiopeiae, a tight, triple star system 
and could just about split the three of them. 

The wide field of view with the 25mm eyepiece 
allowed us to enjoy all of the Pleiades star cluster 
in one go, with a hint of the nebulosity drifting 
away from the star Merope. Next we turned to 
the Andromeda Galaxy and found we could fit > 


LIGHTWEIGHT AND PORTABLE 


One of the things that we enjoyed most 
about the Omni XLT AZ 102 was its 
lightweight and highly portable design. 
Sometimes you just want something that 
you can set up and point at the sky 
quickly, and the Omni XLT AZ 102 excels 
at this. Weighing just 6.2kg means it can 
be easily carried and although the tripod 
is light, it’s sturdy enough to allow you to 
move the whole assembly around your 
observing site for optimal views and take 
it on trips to catch rarer events. 
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Coming almost entirely preassembled 
means you can have it up and running 
in no time. We also found that with the 
adjustable legs we could spend more 
time sitting while enjoying the night sky, 
rather than trying to peer up or over 
the scope at awkward angles, which 
sometimes happens with some systems. 
This makes it an ideal beginners’ scope 
that will provide hours of viewing 
pleasure coupled with dark skies to 
get the most out of the optics. 
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OPTICS 


The front lens is 4 inches in 
diameter and has a focal 
length of 660mm, which 

gives a focal ratio of f/6.5. 

All the optical surfaces are 

coated with Celestron’s 

XLT coating for maximum 
transmission of light and give 
crisp views of the brighter 
deep-sky objects. 


Y DIAGONAL AND EYEPIECE 


The erect-image diagonal gives right-way-up 
views for astronomical and terrestrial 
viewing, and the telescope is supplied 
with one eyepiece — a 25mm, 
1.25-inch-fit Pléssl. The eyepiece 
gives a nice wide field of view of 
almost 2° and a magnification 
of 26x with this scope. 


MOUNT AND SLOW- 
MOTION CONTROLS 


Although this is a basic mount and tripod, it’s simple 
to operate and uses worm gears for smooth tracking 
of objects. Slip clutches allow big adjustments 

for quick and easy pointing, while the manual 
slow-motion controls allow you to make fine 
adjustments smoothly. 


The StarPointer Pro is a zero-magnification 

finderscope that looks elegant and futuristic. 

It projects a dual-circle reticule rather than 

a simple red dot and its intensity can 

be controlled by the knob 
underneath. We did, 

however, find it had a 

tendency to dew up 

quickly due to its 


open design. 
wr Ww 
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FIRST light 


4 The Moon taken using a Canon EOS 50D DSLR, a 
stack of 20 images of 1/500th of a second at ISO 100 


4 Our afocal shot through the 25mm eyepiece with 
an iPhone 5S delivered a useable shot of the Moon 


» its core and its two companions, M32 and M110, 
into the view. We even caught a glimpse of the 
northern dark lane during the moments when the 
seeing conditions were good. 

Globular cluster M13 was small in the supplied 
25mm eyepiece but with our own 9mm eyepiece 
we got a strong hint of several stars being resolved. 
Upping the magnification further with our 2x 
Barlow lens really pushed the limit of the scope’s 
usability. We also used the scope to catch the 
planetary gathering of Jupiter, Venus and Mars in 
the morning sky. With the supplied eyepiece, Jupiter 
was quite small, but the Galilean moons were 
evident. Our 9mm eyepiece allowed us to spot the 
two bands and polar hoods, and revealed a lovely 
phase on Venus. The Moon also proved lovely and 
detailed through our 9mm eyepiece. 
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SKY SAYS... 
Now add these: 


1. Omni Series 
12.5mm eyepiece 


2. X-Cel LX 3x 


Barlow lens 
3. Eyepiece 
Filter set 


FOCUSER 


The focuser is a rack-and-pinion design with a screw 
on the top to lock the focus — useful if you add a 
camera or heavy eyepiece to the system. There's 

ample focus travel and we found it did the job 
asked of it with only a little play. 


Overall this scope can deliver some good views 
for its size but as it can’t track stars, its potential for 
astrophotography is limited to quick shots of the 
Moon, which we managed to do using both a DSLR 
and smartphone.If you want a nice simple to use 
yet optically good system, the Omni XLT 102 
delivers on what it promises. @ 
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FIRST light 


See an interactive 360° model of these binos at 
www.skyatnightmagazine.com/AdventBinos 


Opticron Adventurer 


10x50 binoculars 


Get crisp, bright views without having to spend a fortune 


WORDS: STEPHEN TONKIN 


VITAL STATS 


e Price £59 

e Optics Multicoated 

e Aperture 50mm 

e Magnification 10x 

e Prisms Bak-7 

e Angular field of view 
6.6° 

e Focusing Zeiss 
centre focus 

e Eye relief 19mm 

e Interpupillary distance 
57-72mm 

e Weight 846g 

e Supplier Opticron 

e www.opticron.co.uk 

e Tel 01582 726522 


pair of 10x50 binoculars offers a good 

compromise of light-gathering, 

magnification and weight, and thanks 

to balancing these three things so well 
they’re considered to be a good choice for 
astronomy. Opticron’s Adventurer series includes 
a pair of 10x50s at a competitive price. For £60 you 
get the binoculars, a soft and lightly padded nylon 
case, a neckstrap, a tethered two-cup rainguard for 
the eyepieces, tetherable ‘plug-in’ caps for the front 
lenses, a microfibre cleaning cloth and a generic 
instruction leaflet. 

The binoculars themselves have stippled rubber 
armour, which will give you a secure grip even 
when wearing gloves. The hinge, focus wheel and 
right-eyepiece dioptre ring all move smoothly, with 
enough uniform resistance to make them easy to 


adjust but not liable to inadvertently slip. The 


SKY SAYS... 
These binoculars 
are comfortable 
to use, well 


balanced and 
great value 
for money 


minimum interpupillary distance is 55.5mm and 
there’s 12mm between the eye-cups at this distance, 
so it should fit most people’s faces. 

The unusual objective caps have split tabs built 
in to them. This allows the caps to be threaded onto 
the strap, making them easy to store while keeping 
them close to hand at the same time. Although they 
can be dislodged by rough handling, in normal 
astronomical use we found that they remained 
securely and conveniently in place. 


When you hold the binoculars up to the light, the 
exit pupils appear perfectly round, although they 


each have the four grey segments that indicate the 
prisms are of low-index glass. This can lead to a 
slight dimming of the edge of the field of view in 
wide-angle binoculars, but you’re unlikely to find 
this to be problematic — it’s hardly noticeable and 
it’s a simple matter to move a target object from 
the periphery to the centre of the view. 

We focused the binoculars and found that the 
image was crisp over the central three-quarters of 
the field of view and was tolerable except for the 
outer five per cent or so. The images from each side 
merged immediately, showing that collimation was 
well within acceptable tolerances. There is some 
pincushion distortion. It’s not obtrusive but enough 
to prevent the nauseating ‘rolling ball’ effect that 
can occur without it. Control of false colour was 
very good on axis, but a bright Moon showed colour 
when the limb was even slightly off-axis. First 
magnitude stars only showed false colour near the 
edge of the field. 


Reflections 

These binoculars are described as being 
multicoated. This usually means that the outer 
surfaces of the objective lenses and eyepieces are 
coated but the prisms are not. This was confirmed 
by the spurious reflections we saw when a gibbous 
Moon was just outside the field of view. However, 
we could find no spurious reflections when the 
bright star Vega in Lyra was in a similar position. > 


eeeeeeeeseeoseesseeeeseeeeseeeeeseeeeeseseseeseeseeeseeeeeeeeseseeseeeeeseeseeseeeseseeeeeeeeeee 


BRIGHT AND SHARP IMAGES 


Modern budget binoculars usually have 
their apertures stopped down internally, 
sometimes by 20 per cent or more. It’s 
done in an attempt to sharpen the image 
but the extra sharpness comes at the cost 
of some image brightness. We were 
delighted to find that this is minimal with 
the Opticron Adventurer: we measured 
the effective aperture as 47mm. 

As expected, the images were 
pleasingly bright with no apparent 
reduction in crispness. In fact, it was 


remarkable how large the sharp region 
of the field of view remained during the 
test. This not only helps you identify and 
split double stars, but also makes it 
easier to see detail in some extended 
objects. An example of this was when 
we observed the Andromeda Galaxy 
and saw not only that the core was 
brighter, but that one edge of it seemed 
to have a slightly more abrupt cut-off in 
brightness than the other, indicating the 
presence of the dust lane. 
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Although these binoculars are easily light enough 
to be held by hand, you'll be able to see fainter 
objects and split closer double stars if you mount 
them. Underneath a screw-in cover at the end 

of the hinge, the Opticron Adventurer has 

a standard 1/4-inch Whitworth mounting bush 
for a tripod adaptor L-bracket. 


The coating on the eyepieces and the 
objective lenses has none of the tell-tale 
blotching that indicates shoddy 
workmanship. It gives equal reflectivity 
over the whole surface of each lens, 
suggesting that the coating has been 
evenly applied. The lens surfaces only 
minimally reflect a bright white light, 
showing that the coating is effective. 


The good eye relief (the 
distance from the 
eyepiece to where you 
place your eye) means 
that you can easily use 
these binoculars with 
spectacles when the 
eyecups are folded 
down. The cups are 
made of a soft rubber 
that’s comfortable against 
the face when they're 
folded up for use 
without spectacles. 
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To help the provide maximum protection for 
the eyepieces, the caps on the Opticron 
Adventurers fit securely, are tethered to the 
neck strap — so they‘re always to hand — and 
are linked with a flexible bridge so they can 
be used at any interpupillary distance. 
All of which increases the chances of you 
using them more often. 


The neck strap is of far 
better quality than you 
usually find in this class 
of binoculars. Although 
it isn’t padded, the 
30mm-wide webbing 
was good enough for the 
binoculars to be slung 
around a bare neck for 
over an hour without 
becoming uncomfortable. 


> Although sky conditions were never ideal 


during the testing period, we still enjoyed what 
these binoculars could show. Albireo was our first 
target and, with the binoculars mounted, we 
could split it into its two components, their colour 
contrast obvious over all but the outer 10 per cent 
of the field of view. The nearby Dumbbell Nebula 
appeared as a tiny rectangular cloud, while the 
Andromeda Galaxy took the form of an oval glow, 
densest in the middle, that extended across 
one-third of the field of view. 

The two distinct condensations of stars in the 
Perseus Double Cluster were immediately obvious, 
as was the chain of stars that leads to the nearby 
Muscleman Cluster, which was easily discernible. 
Kemble’s Cascade was indistinct, appearing as a 
hazy line with a brighter central star and a cluster 
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(NGC 1502) at the end. We estimated the limiting 
stellar magnitude to be about +8.5 in the less than 
ideal transparency. 

These binoculars are comfortable to hold and 
well-balanced. They’re good value for money and 
a good choice for both newcomers to binocular 
astronomy and for casual users. 
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FIRST 


ZAWO ASI224 


light 


See an interactive 360° model of this camera 


at www.skyainightmagazine.com/ASI224 Z 


high frame rate 


olour Camera 


A colour camera that has excellent infrared capability and hidden depth 


WORDS: PETE LAWRENCE 


VITAL STATS 


e Price £299.80 

e Sensor Sony Exmor 
IMX224 1/3-inch 
CMOS, 3.75pm 
pixels, 4.8x3.6mm 
chip size 

e Resolution 1.2 
megapixels 
(1304x976) 

e Frame rate Up to 
64fps (12-bit) or 
150fps (10-bit) 

e Extras 1.25-inch 
adaptor, USB 3.0 
cable, autoguiding 
cable, T- to C-mount 
adaptor, 2.1mm 
CCTV lens 

e Dimensions 62mm 
diameter, 36mm depth 

e Weight 108g 

e Supplier 
365Astronomy 

e www.365astronomy.com 

e Tel 020 3384 5187 


WO?’s ASI224 high frame 
rate colour camera is a 
device with a split 
personality thanks to its 
impressive infrared sensitivity. From 
the outside, there’s little that makes 
it stand out from the other cameras 
in the ZWO range: its red, cylindrical 
body giving little away about the 
capabilities of the technology inside. 

The ASI224 uses a Sony IMX224 sensor. As 
with most colour sensors, this is a monochrome 
chip overlaid with a Bayer matrix — a repeating 2x2 
pattern of coloured filters. The pattern consists of 
one red, one blue and two green filters, with one 
filter per pixel. The resulting greyscale image has 
to be “deBayered’ to restore the colour, a process 
performed either at the point of capture or during 
the registration and stacking phase, depending 
on the software you use. 

For our tests, we used the freeware FireCapture 
control program for capture and AutoStakkert for 
registration and stacking. We deferred deBayering 
to AutoStakkert to maintain as high a frame rate as 
possible via FireCapture. ZWO supplies the drivers 


SKY SAYS... 

It's an excellent 
choice if you 
want to avoid 
the hassle of a 
mono camera 
and filters 


necessary to get the camera working, 
but we needed to make sure we were 
using the latest version of FireCapture 
to get everything working properly. 
The IMX224 sensor has excellent 
infrared sensitivity. Leakage through 
the Bayer matrix filters is similar from 
840nm, meaning that all pixels work at 
the same sensitivity irrespective of the 
colour filter they’re fitted with. This means that the 
camera can be used for true infrared imaging when 
a suitable infrared-pass filter is fitted. This is great 
for imaging objects exhibiting detail in infrared, for 
example the bright planets. It’s especially useful for 
Jupiter and Saturn when using speciality filters, 
such as methane (CH4), which is centred on 889nm. 


Probing the ice giants 

The ASI224 is especially good on the ice giants, 
Uranus and Neptune. The camera’s infrared 
sensitivity means it’s possible to record the tiny 
discs presented by these distant worlds at 
reasonable frame rates. Subsequent processing 

can then pull out faint bands and bright spots. 
Using a 14-inch scope at f/28, we recorded Uranus >» 


INFRARED SENSITIVITY 


The ASI224 is an exciting camera thanks to its amazing IMX224 chip. 
This has a good level of response across the normal one shot colour 
red-green-blue range, with the lowest performance being in the blue 
part of the spectrum where response drops to around 68 per cent that 
of the peak at 600nm (red). However, it’s the fact that the camera has 
good response in the red and into the infrared portion of the spectrum 5 
that makes it interesting. Chip sensitivity for blue and green drop 3 
through the normal red range (as they should) but all climb to around 
50 per cent of the sensor's peak sensitivity at the 840nm wavelength. 
This means that an infrared-pass filter will show similar response 
from every pixel site irrespective of its Bayer filter (R, G or B) colour. 


With such a filter, the camera 
near-infrared device between 


Blue 


Green 


—Red 


effectively behaves as a monochome 


0.0 + 


840-1000nm. The means you can 


use the ASI224 as a regular colour camera by fitting an infrared- 


blocking filter, or as a near-in 
1000nm infrared-pass filter. 


frared camera by fitting an 840- 


400 450 500 550 600 


650 700 750 800 850 900 950 1000 
Wavelength (nm) 


4 The camera’s colour response across the spectrum adds to its flexibility 
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<2, AUTOGUIDER PORT 


The ST-4 autoguider port is on the side 
and allows the camera to be directly 
connected to a mount for autoguiding. 
A 2m cable is supplied with the camera 
for this connection. The high sensitivity 
of the IMX224 sensor is well suited to 
picking up guide stars. 


USB 3.0 PORT 


The sensor's 1304x976 pixel array 
contains 1.2 megapixels. A USB 3.0 
interface is used to transport this data 
with a maximum frame rate of 64 frames 
per second (fps) for 12-bit data or 150 fps 
for 10-bit data. A 2m USB 3.0 cable is 
provided for the computer connection. 


CAMERA BODY 


The body of the ASI224 is machined 
aluminium. Weighing just 108g, the 
whole camera is unlikely to put much 
strain on even lightweight mounts. A nice 
touch is that the rear of the body is 
tripod-threaded making it easy to mount 
and position the camera when 

it's not connected to a telescope. 


- 


CCTV LENS AND ADAPTOR 


A T- to C-mount adapter is provided along 
with a 1.2mm focal length CCTV lens. Fitted 
to the front of the camera, this allows you to 
use the ASI224 effectively for all-sky imaging. 
This is where the tripod fitting at the back of 
the body comes in really handy, allowing you 
to position the camera just right. 
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FIRST light 


> through a 610nm-pass filter at 15 frames per 
second. For such a dim target in infrared, this 
really is pretty impressive. 

Longer red and infrared wavelengths tend to give 
more stable views because they’re less affected by 
seeing. We found this to be especially true when 
imaging the Moon through ZWO’s optional 850nm 
filter. The shots we obtained through pretty average 
seeing conditions were sharp and detailed. 

However, the infrared sensitivity isn’t ideal for 
RGB imaging because it skews colour balance. This 
is easily corrected with an an infrared-blocking 
filter. With this fitted, ‘normal’ RGB images of the 
planets can be taken, although effects such as the 
colour fringing introduced by atmospheric 
dispersion will still degrade their appearance. 


Te ALEXDOMIPETANEC | TTHREADED BARREL 
The camera’s excellent RGB sensitivity is well 

suited to Solar System targets and that echoes The Sony IMX224 sensor is surrounded by an 8mm deep, 50.8mm (2-inch) 
through to brighter deep-sky objects as well. Its collar designed to slip directly into a 2-inch eyepiece holder. The collar is internally 


T-threaded (M-42x0.75) to accept male T-threaded accessories such as the 


exposure range runs from 32 microseconds to 
supplied 1.25-inch adaptor and T- to C-mount adaptor. 


1,000 seconds, so it can record a lot of deep-sky 
targets. With a 4-inch, f/9 scope we found we 
could grab a decent image of the Orion Nebula’s 
core with sub-second exposures. The camera’s 
small chip size means it’s best suited to bright 
and relatively compact deep-sky objects. 

The IMX224 sensor has extremely low read 
noise (1.5 electrons), giving an excellent signal 
to noise ratio. Exposures of a few seconds appeared 
very clean, with noise starting to become noticeable 
as we moved into the several tens of seconds range. 
Longer exposures also showed a gradual brightening 
along two sides of the image frame. In both cases 
calibration successfully removed these effects. 

The ASI224 is a great all-round performer and 
an excellent choice if you want to avoid the hassle 4 Posidonius, stacked from 530 frames a Uranus, stacked from 908 frames 
of a monochrome camera and filters. Its excellent captured with an 850nm infrared-pass filter captured with a 610nm infrared filter 


infrared sensitivity gives you two devices in one. 
For the best results, extras such as an atmospheric 
dispersion corrector, infrared-cut and infrared-pass 
filters are recommended. We can’t help feeling that 
the infrared-cut and perhaps an 850nm infrared- 
pass filter should have been included as standard. 
With a little bit of effort, the ASI224 is capable of 
delivering some astounding results. 
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4 The core of the Orion Nebula, showing the Trapezium 
Cluster, stacked from 350 two-second exposures 
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New astronomy and space titles reviewed * Avoid 


TWO MINUTES 
WITH AMY SHIRA 
TEITEL 


° BREAKING THE 
Breaking CHAINS OF 


the Chains 


The Story of Spaceflight before NASA 


of Gravity 
The Story of 
Spaceflight before NASA 


» What inspired you to 


write the book? 
When | was an undergrad | started 


looking into the history of space 
exploration and loved finding the stories 


© US AIR FORCE PHOTO/ALAMY STOCK PHOTO 


that, at first, seemed like anomalies, but 


i after a deeper look turned out to have 
Els omseuoy layed a major role in shaping the ‘we 
£16.99 @ HB nied ping 


choose to go to the Moon’ narrative we 
all know. For me, digging up old reports 
and working them into the larger NASA/ 
Apollo story is like finding a box of family 
heirlooms in the attic. 


NASA was created in 1958, just three years 
before President John F Kennedy pledged 
to land a man on the Moon by the end of 
the 1960s. However, that was not the 
beginning of the story of spaceflight. 

In Breaking the Chains of Gravity, 
space-history writer Amy Shira Teitel 


Teitel covers every success and failure of 
the many launches and tests on the road to 
space throughout the book, but it’s the 
human stories that really stand out — most 
notably the story of US Air Force flight 
surgeon John Paul Stapp, who made 

imself the crash test dummy 


chronicles the pioneering work of h 
the scientists and engineers —_ ~~ for increasingly dangerous 


like Wernher von Braun deceleration tests. 


What eras does the book cover? 
The book spans from 1930 to 1958, 


ending on the day NASA opened for 
business. It covers a lot of things more 
casual space fans might not know: 


that eventually led to Everything is rocketry’s development during World 
the creation of NASA. meticulously War II and its arrival in the United States 
The early chapters researched and inside the minds of imported engineers; 


the military’s decision to use those rocket 
engines in aeroplanes; and the field of 
human factors that developed as pilots 
flew towards space. 


detailed, even 
though the narrative 
has a tendency to 
become bogged down 
in endless committees 
and meetings. However, 
that’s ultimately the point. 
One of the reasons for 
creating NASA was to 
streamline the programme, 


of the book are an 
adventure yarn based ¢ > 

around a handful of 4 
enthusiastic amateurs ; ri . we 4 
working away in sheds VNU ASU SUN 
and workshops. Their eS ee 
efforts to construct a 
propulsion system capable 
of breaking free of Earth’s 
atmosphere while carrying a 
crew saw them strapping 
rockets to cars, sleds and airplanes, often 
with disastrous results! 

When the German government and 
military get involved during World War II, 
the story becomes an enthralling war-time 
tale of Nazis versus the scientists. A tale 
that culminates in the creation of the 
infamous V2 rocket and the scientists’ 
daring escape to America to continue their 
research during the Cold War as the US 
and USSR raced to be the first into space. 


What are the biggest differences 
between the early days of NASA and 


the organistion today? 
In the early days, NASA had carte 


blanche to figure out how to get a man 

in space. There was a lot of money and 
support, and, because there was a war 
going on, NASA really had the freedom 
to take risks with its astronauts if it meant 
beating the Soviets in the space game. 
When John Glenn launched into orbit 

in 1962, the Atlas rocket only had 
something like a 51 per cent success rate! 
That wouldn't happen today. 


John Paul Stapp tests 
the effects of rapid 


deceleration from 632mph although, at times, it feels the 
power of the story is lost in bureaucracy. 
Overall this is a workmanlike tribute to 


the tenacious scientists, fearless test pilots 
and undaunted engineers, who saw every 
setback as something to be learned from, 

and whose tenacity paved the way to the 


Moon and beyond. 
kak 


JENNY WINDER is a freelance science 
writer, astronomer and broadcaster 


AMY SHIRA TEITEL is a space writer and 
runs the YouTube channel Vintage Space 
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The Intimate 


Universe 
How the Stars are Close 


Than You Think fe 


Marek Kukula 
Quercus 
£18.99 @ HB 


Everything in the 
world and across 
the Universe is 
inextricably linked: 
that’s the premise of 
this enjoyable book 
by Marek Kukula, 
Public Astronomer 
at the Royal 
Observatory 
Greenwich. Precious metals and even the 
iron in our blood have their origins in 
explosive supernovae across the Galaxy. 
The book recalls the events of the Big 
Bang in fascinating but accessible detail, 
telling how a cosmic soup of particles led 
to the distribution of different elements 
within stars, planets and ourselves. Did 


you know that you would still be able to 
see the echo of that Big Bang on an old, 
non-digital TV? 

The book guides you through the life 
cycle of a star and how its spectacular 
demise leads to renewal as debris merges 
with gas and dust to form clouds and, 
eventually, new stars. A tour of the Solar 
System, explaining how water is distributed, 
includes up-to-date results from the Rosetta 
and New Horizons missions. 

The discovery of meteorites from Mars 
here on Earth suggests that ancient pristine 
chunks of Earth might be found on the 
Moon - what a gift for a geologist that 
would be! Alongside the science there are 
colourful anecdotes, such as how pooping 
birds have been linked to US radio 
astronomy and early stellar studies from 
the Tower of London. 

Unusually in this day and age, the book 
has no illustrations other than the cover. 
But Kukula’s colourful writing paints 
pictures of its own that make this a 
wonderful and thought-provoking read. 


to KK 


PAUL SUTHERLAND is a space writer 
and journalist 


Searching for the 


Oldest Stars 


Anna Frebel 
Princeton University Press 
£19.95 @ HB 


The commonly heard 
phrase ‘we are made 
of star stuff’, often 
attributed to Carl 
Sagan, could be a 
suitable subtitle for 
this book about 
stellar archaeology 

(it’s actually 

subtitled: Ancient 
Relics from the Early Universe). 

The Big Bang created hydrogen, helium 
and lithium, but all the other elements 
were manufactured inside stars and their 
dying explosions. Frebel’s account not only 
explains how this came about, but also 
reveals the significance of the oldest 
known stars to our understanding of the 
nature, origin and evolution of the 
Universe as a whole. 

In the early part of this book the author 


SEARGHING 


FORPTHE 


OLDEST STARS 


* 


a 


ANNA FREBEL 


treats us to a history of stellar astronomy. 


Justifiably, some emphasis is given to 
female protagonists in the development 
of this field, from Henrietta Leavitt to 
Margaret Burbidge. We cover the 
development of spectroscopy, the 
introduction of quantum mechanics and 
the application of nuclear physics to stellar 
nucleosynthesis. Although it’s long and 
detailed, the chapter on stellar evolution is 
an excellent prose treatment of the subject 
that the layperson can easily follow. What 
follows is the story of the discovery of 
‘metal-poor’ stars and what they tell us 
about the early history of the cosmos. 
Written with a good deal of personal 
insight, relevant anecdotes and even 
descriptions of the optical astronomer’s 
nightly duties, all in a refreshing style, 
Frebel’s book does her justice as one of the 
leading figures in modern stellar research. 
While covering many complex areas of 
physics and their astronomical application, 
Searching For The Oldest Stars remains 
both accessible and intriguing. 


tok 


DR ALASTAIR GUNN is a radio 
astronomer at the Jodrell Bank Centre 
for Astrophysics 
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To the Edge of 
the Universe 


Raman Prinja 
Carlton Kids 


£12.99 @ HB 


It’s normally a bad 
sign when you open 
a book and the 
pages fall on the 
floor. That's exactly 
what happened to 
me when | first 
opened To the 
Edge of the Universe. It wasn’t because 
the binding had failed, but completely 
due to the “4m fold-out journey” 
promised in the sub-title. 

The book is aimed at younger readers, 
perhaps 7-14 years old. The first half can 
be read page-by-page and works 
upwards, lifting off from Earth’s surface 
and travelling out through the Solar 
System. Brief paragraphs are written in 
clear, concise fashion, while the final 
pages zoom through the Galaxy and 
wider cosmos, all still explained in simple 
language. The book’s illustrative style is 
eye-catching and, while undulating lines 
make the background rather busy, it’s 
toned down enough to not interfere with 
the information. 

Then, just as you get to the edge of the 
visible Universe and what might appear 
to be the end of the book, the return 
journey begins. As the pages unfold into 
a long pull-out, it becomes clear that the 
second half is more technical, aimed at 
readers who are perhaps older or maybe 
just more interested in the details. There 
are many more facts and figures 
presented in an infographic style, 
although it’s a shame about one 
unfortunate typo (100,000,000,000,000, 
000,000,000 is considerably more than 
100 thousand million!). There’s even a 
scaled representation of the Solar System 
and the timeline of our exploration along 
the bottom — though you may have to 
provide a larger bedroom to appreciate 
the full 4m foldout. 
tok 


CHRIS NORTH is a presenter on The Sky 
at Night and Herschel outreach officer 


skyatnightmagazine.com 2016 


104 GEAR JANUARY 


Elizabeth Pearson rounds up the latest astronomical accessories 
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1 Kendrick DigiFire 8 Dew 
Heater Controller Van 

Price £169 © Supplier Green Witch °ble 

01924 477719 © www.green-witch.com Yan: = 


This device allows you to control the power of 
up to four dew heaters, with ports to power a ' Filter #3 
DSLR or other astro accessories up to 12V. For 
best results use with Kendrick heater tapes. 


lar;.- 
"ing Filter #3 


ANT pnt 


2 Moonwalk Outta Here i 
Necklace Variable PO 

Price £19 © Supplier Eclectic Eccentricity 

www.eclecticeccentricity.co.uk 

Remember the day Neil Armstrong took ‘one 

small step’ with this delightful necklace. 

Comes in a choice of silver or gold plate 


3 StarPointer Pro Finderscope 
Price £32 © Supplier 365 Astronomy 
020 3384 5187 © www.36S5astronomy.com 


Designed by astronomers, this finderscope 
provides an easy way to locate celestial 
objects in the night sky using two circular 
LED reticules that won't block your view. 


4 Antares Variable 

Polarising Filter \ iy 
Price £24.99-29.99 © Supplier Rother Valley Optics of r- 
01909 774521 © www.rothervalleyoptics.co.uk a \ ‘ 
Ideal for lunar or planetary viewing, this . 


polarising filter lets you adjust how much light 


gets through for the best contrast. Available in IGHT 
1.25-inch (£24.99) and 2-inch (£29.99). THE SKY AT'N 


nN SIR PATRICK 
An audio guided tour of the stars and constellation: 


5 The Sky at Night Audiobook 
Price £8.99 © Supplier iTunes 


http://itunes.apple.com cs 
Written and narrated by Sir Patrick Moore, 


this digitally re-mastered four-part audio EPHEMER 
book walks through the best things that will : 
be visible in the sky each season. 


6 Ephemeris 

Price £29.99 © Supplier Daedaleon 
www.ephemeris-game.uk 

Based on the natural laws of the Solar 
System, Ephemeris is three games in one. 
Strategise to outwit your friends, or learn 
more about our Universe with a cosmic quiz. 


www.altairastro.com Weekdays 


= | Altair 8” St ier >< i 2 : : 
SIP-CAM Bb ee creaneaes PP i@ptron’ Distributor 


™ info@altairastro.com Norwich Showroom 
ALTAIR SKASTRO tes265751 385 Coe soan en 


ASTRO CAMERA and tilt AFTER installation. Steel 4 | r, SkvT k Saeiite 
ONE camera for solar, planetary, construction. Zinc flame-sprayed, : y PACKET ysUlaer 
lunar and long exposure deepsky. P powder-coated marine spec Ultra-portable 

* USB Camera with Guide Port corrosion resistance. iOptron DSLR imaging yy 

+ Video or Still Image . : anywhere! 

*C & CS Lens Compatible Meade, Skywatcher, Celestron, ? | 


* 1.25” Eyepiece Format Paramount MX. BIT | Saale « Super-portable y 
+ Latest High QE CMOS S oars imaging * 
ST. RVY VE" RC250-TT pecans Pa sau / 2 
[\ NX guiding. 
sera 2 


80mm 102mm 110mm ED Refractors 4 a ZEQ25-GT iIEQ45-PRO 


“ Sky at Ni a > x* 3 
, die aevewe ag , ; % <x. WY 
a ‘ gree re stay * J — —— . j 
Triangulated carbon fibre truss tubes for rigidity. | = ° 
™ Quartz optics, open design for fast thermal He 
(L [ iG [Al U W/AW [E equilibrium and no image-degrading tube currents. GOTO EQ. Auto-guiding, GOTO EQ. Auto-guiding, 
Travel Scope STA RWAV E ™ polar scope, 4.7kg head. _ polar scope, 11.8kg head. 


ZU) Ell cEM60 & CEM60-EC 


Sky at Night 


Skyat Night 

REVIEWED IN 

asst 118 MARCH 2085 
kok 


, a 27kg Capacity, only 12.3kg La 
, 9 - Shyat Nicht \ head weight! Super-accurate 
r STARMANE Reviewed ™..) GOTO & tracking for imaging. 
e ©. “= %*/ 300K object database, GPS, ge 
: polar-alignment assistance. 


Skvat Night 
REVIEWED La 


ek 


A portable observatory 
or field mount. Fits Altair 
8” Steel Piers, Starbase Field Tripod. 


Take it anywhere! 30cm folded length / 2kg weight. 
72ED- Flight case included, astro visual or spotting scope! 


fisher space cen 


The goes anywhere, writes everywhere pen 
Guaranteed for life! 


STARGAZING HIRE A DOBSONIAN 
EXPERIENCE NIGHTS REFLECTOR TELESCOPE 


We bring a telescope and our We deliver a telescope and 
astronomy knowledge to stargazing information to 
your garden foral-hror you so you can explore the 

2-hr adventure across the universe for yourself at your 


cosmos with an astronomer own pace | Good Luck to Majce aa 
1 on his first voyage into space 


Dark Sky Telescope Hire 


UK and European distributors: 
GBA Pen Company Ltd. 
Tel: 01245 225758 

www.darkskytelescopehire.co.uk info@gbapen.co.uk 


www.fisherspacepen.co.uk 
E: info@darkskytelescopehire.co.uk T: 07884 001815 
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VVHAT | REALLY WANT TO KNOW IS... 
How can we weigh lone pulsars? 


ne of the most exotic objects in the 
Universe is the pulsar. It spins at an 
extremely rapid rate like a 
supercharged cosmic 
lighthouse, firing beams of light at 
precise intervals. We know today 
that a pulsar is a type of highly 
magnetised neutron star 
formed by the collapse of 
the heart of a supernova. 
The material inside is so 
tightly packed that it is 
about 100 trillion times 
more dense than water. 
Studying pulsars is 
important because their 
extreme conditions 
allow us to test our 
understanding of 
fundamental, particle and 
nuclear physics. The results 
are useful across a lot of 
different areas. To understand 
it, one of the main things you 
need to know about a pulsar is its 
mass, and the usual way to work this out 
for an object in space is by using Newton’s 
laws to observe how its gravitational pull 
affects an object orbiting it. 


Going solo 

However, whereas most stars in the Universe 
appear to be in double or multiple systems where 
you can easily apply Newton’s laws, only around 

a tenth of known pulsars have companions. That’s 
because the explosion produced when a star goes 
supernova usually destroys the companion star it 
previously had, or unbinds the system. This means 
about 90 per cent of pulsars are solitary objects 
that can’t be weighed the conventional way. 

My team decided to approach the problem of 
weighing a lone pulsar from a different angle: by 
examining the physical properties of the object 
itself, using principles of nuclear physics rather than 
gravity, to determine the mass. We did this by 
observing glitches in the pulsar that occasionally 
disrupt its spin, making it speed up. We realised 
that by discovering exactly what was happening 
during the glitches, we could measure the pulsar’s 
mass without having a companion star nearby. 
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Superfluid spinning 
beneath a pulsar’s crust 
leads to subtle glitches 
in an otherwise highly 
precise rate of rotation 


ABOUT WYNN HO 

Dr Wynn Ho is based 

at the University of 
Southampton, where his 
primary research interests 
are in theoretical and 
high-energy astrophysics, 
including getting under 
the crust of compact 

stars like pulsars. 


Wynn Ho has come up with a new way to check 


the mass of neutron stars without cosmic companions 
INTERVIEWED BY PAUL SUTHERLAND 


So what is happening in such a pulsar? As an 
analogy, imagine you have a cup of water ona 
table and the cup is spinning. Friction 
between the cup and the table will cause 
the cup’s spin to slow until it comes 
to a stop. But the water inside 
continues to spin fast as the cup 
slows down. Because a pulsar 

is emitting radiation, it’s 
also losing energy, like the 
cup, and slowing down. 

But the incredibly dense 

interior of the pulsar 

(material that we calla 

superfluid) continues to 

spin rapidly, even as the 
rest of the star slows 
down. Once in a while 
there’ll be some 
interaction between the 
superfluid and the crust 
of the pulsar. The superfluid 
transfers some of its rotational 
energy to the crust, causing the 
glitch that makes it briefly spin up. 
You need a detailed understanding 
of superfluidity to use this method of 
determining a pulsar’s mass. The size and 
frequency of the glitches depend on the amount of 
superfluid in the pulsar and how the superfluid 
behaves. By combining observational information 
with an understanding of the nuclear physics 
involved, you can ‘weigh’ the pulsar. 

We tested our new technique by applying it first 
to a number of solitary pulsars. Our results are at a 
similar level of accuracy to those typically obtained 
from pulsars in binary systems, using gravity. So 
we're very pleased with it. It shows the technique 
has the potential to revolutionise the way we make 
this kind of calculation. In the future, we hope to 
check our results by measuring the mass of the 
same pulsar using both methods. 

Observing pulsars is one of the key science goals 
of the Square Kilometre Array (SKA) — a major 
radio telescope being constructed in South Africa 
and Australia. Our technique promises to underpin 
that research. And as new telescopes such as the 
SKA detect many more pulsars and monitor them 
for glitches, then we can refine our technique and 
use it to understand them a lot better. @ 
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The Southern Hemisphere in January 


With Glenn Dawes 


WHEN TO USE THIS CHART 


1 JAN AT 00:00 UT 
15 JAN AT 23:00 UT 


The chart accurately matches the sky on the 
dates and times shown. The sky is different at 
other times as stars crossing it set four minutes 


JANUARY HIGHLIGHTS 


The Moon goes on a grand tour of 

four of the brightest planets in the 
morning sky early in January. On the Ist, 
spectacular Jupiter is only 0.5° away from 
the limb of the third quarter Moon. On 
the 4th the now crescent Moon is 2° from 


Mars and forms a narrow triangle with mag. 
+1.0 Spica (Alpha (a) Virginis). On the 7th : heavens directly opposite the centre of the 

H Milky Way. Anyone out there looking back 
at the galactic hub would see our home 

H star reduced to mag. +7.8, roughly halfway 


i between the Teapot’s spout and Antares. 


the Moon is 5° left of Venus and Saturn, 
with mag. +1.1 Antares (Alpha (a) Scorpii) 
6° to the upper right. Venus is the brighter by 
far and just 0.5° from Saturn on the 9th. 


THE PLANETS 


O The early evening sky belongs to the 
distant faint planets, Neptune and 
Uranus. The first bright planetary arrival is 
Jupiter, with this gas giant rising around 
22:00 EST mid-month near the tail of Leo. 
Mars is visible in the early hours, a few 


DEEP-SKY OBJECTS 

This month we visit Canis Major. 

From mag. —1.5 Sirius (Alpha (a) 
Canis Majoris), look 4° south to reach 
the brilliant open cluster M41 
(RA 6h 46.0m, dec. —20° 45° 
pictured). The cluster has 
around 100 well-scattered 
stars down to mag. +12.0 
within a 40-arcminute circle. 
Its highlight is around a dozen 
8th- and 9th-magnitude blue-white 
stars with a brilliant 7th-magnitude 
orange star near the centre. 
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31 JAN AT 22:00 UT 


: STARS AND CONSTELLATIONS 


DIFFUSE 
NEBULOSITY 


O VARIABLE STAR 


COMET TRACK 


earlier each night. We've drawn the chart for 
latitude -35° south. 


Low in the northern evening sky is 
the constellation of Auriga, with 


H Taurus directly above. The two are linked 
H by mag. +1.6 Elnath (Beta (f) Tauri), the 

; tip of the bull’s northern (lower) horn. 

: Elnath is the brightest star closest to the 
galactic anti-centre, the point in the 


degrees from mag. +1.4 Spica (Alpha (a) 
Leonis) at the start of January. Saturn soon 
follows. As dawn commences, brilliant Venus 
is seen low in the east. Mercury rises quickly 
out of the Sun’s glare in the latter half of the 
month, finishing January 7° below Venus. 


There are two impressive double 
stars 2° east of M41. Pi Canis 
Majoris lies 18 arcminutes north- 
northeast of 17 Canis Majoris 
(RA 6h 55.0m, dec. —20° 24’). 
Pihas a mag. +4.6 yellow 
primary with a mag. +9.6 
blue companion 11 arcseconds 
away. 17 Canis Majoris is a 
multiple, comprised of a mag. 
+5.8 primary and two more 
members, mag. +9.2 and +8.7, both 
approximately 45 arcseconds away. 
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ae OTNSCAN™ PRO SERIES 
“i ,, EQUATORIAL GO-TO MOUNTINGS 
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= '; a ear f p “Time and time again, they offer the benchmark standard for the price.” 
ones | ( | | Tt. Ade Ashford, www.scopetest.com 
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For astronomers seeking superior equatorial control for imaging or visual applications, Sky-Watcher’s family of Synscan™ Pro-Series High Precision 
Computerised Mountings provide the solution. All models are premium grade observing platforms which have been thoughtfully designed for ease 
of operation. All models feature quiet operation and are equipped with an ST4 Auto-Guider interface for Astro-Imaging. The user-friendly 
Synscan™ hand control, with its extensive database of over 42,900 night sky objects, allows you to point the telescope at a specific object or 
even tour the night sky at the touch of a button. Even an inexperienced user can master its variety of features in a few observing sessions. 


EQ5 PRO eo?" 


Bere enpeal 60g. Max Payload 9kg. ~~ Max Payload 18kg. 
45mm Saddle. 45mm Saddle. { & 45mm Saddle. 
Prod.Code Prod.Code ( s EY A . Prod.Code 
20230 20981 . Ss 8 \ 20886 
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e \Z-EQ! | AZ-EQ6GT PRO s 
vd Max Payload 15kg. Max Payload 25kg. a 7 
¢ -¢ 45mm Saddle. Dual 45mm/75mm Saddle. x 
4 7° Dual-Function AZ/EQ Mount Dual-Function AZ/EQ Mount 


with Freedom-Find™ 
Dual-Encoder Technology. 


Prod.Code 20291 v 


. , with Freedom-Find™ 
@ \ .~ Dual-Encoder Technology. 
‘ - 
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Ni EQ Mode 

SRP £1029 
4 
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oe Max Payload 50kg. 
i? Max Payload 25kg. 75mm Saddle. Prod.Code 
3 \ Dual 45mm/75mm Saddle. With Freedom-Find™ 20292/20293 
J Prod.Code 20854 Dual-Encoder WAL SRP £3418 
Technology. 
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7Ah 17Ah 
Prod.Code Prod.Code 
20153 20154 


SRP £59.99) a — @ & sap £119 | 


SYNGUIDER™ 
LONE AUTO-GUIDER 


Prod.Code STANI 
Prod.Code 20240 


20957 
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Automatically inputs user's < 
longitude and latitude % 
directly to Handset. - SRP £249 


Our Products are Available from Dealers throughout the UK ov Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD mporters and Distributors of Sky-Watcher 
UNIT 3, WOOLPIT BUSINESS PARK OPTICAL VISION LIMITED Astronomical Telescopes, Helios, Acuter, 
WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk 

SUFFOLK IP30 SUP 

Email: info@opticalvision.co.uk 


Barr and Stroud Binoculars & Spotting Scopes 
www.barrandstroud.com and ‘Zenith Microscopes. 


